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1R E C L A M A T I O N  
0 F
O V E R F L O W E D  L A N D S
1 .
INTRODUCTION
Importance of Land R eclam ation ,- When the e a r ly  s e t t l e r s  
of the v ario u s p a r ts  of the U nited S ta te s  se le c te d  the  lands which 
they  d e s ire d  to  c u l t iv a t e ,  n a tu ra l ly  they  chose those th a t  were 
b e s t p ro te c te d  from damages e i th e r  r e s u l t in g  from overflow  w aters 
or from a lack of w a te r. The l a t t e r  c o n d itio n  p re v a ile d  la rg e ly  in  
the w est and southw est and was genera l over a la rge  a re a  of land . 
To remedy the d e fic ie n c y  in  w a te r , the U nited S ta te s  and la rg e  
p r iv a te  companies have spent a g rea t amount of money in  c o n s tru c t­
ing  i r r ig a t io n  can a ls  and s t r u c tu r e s .  The o th e r c o n d itio n  of too 
much w ater must be cared  fo r  by drainage of the wet and overflowed 
lands and i t  i s  concern ing  the s tep s  to  be follow ed in  working out 
the  rec lam ation  of these  lands th a t th i s  th e s is  w ill  be w rite n .
An idea of the im port of rec la im ing  the  waste lands may 
be gained when i t  is  r e a l iz e d  th a t ,  no tw ith stan d in g  the  p rog ress 
th a t  has been made towards d ra in a g e , th e re  a re  probably  over 
100,000,000 a c re s , whioh is  equal to  over 150,000 square m iles , 
s t i l l  in  swamps and wet lands in  the U nited S ta te s ,  This v a s t 
a re a  is  alm ost th re e  fo u rth s  as la rg e  as a l l  of Germany and is  
about two and a h a lf  times as la rg e  as a l l  of our New England 
S ta te s ,  A la rg e  p a r t  of the unreclaim ed t e r r i t i o r y  l i e s  in  the
2M iss iss ip p i R iver v a lle y  from a p o in t near C airo , I l l i n o i s  south 
to  New Orleans and extending between the h i l l s  th a t l i e  along the 
b o rd ers  of the v a l le y .  Many la rg e  drainage p ro je c ts  have been un - i  
d e rtak en  in  th is  s e c tio n  and many more are  now under p ro g re ss .
F ac to rs  in  the P rocess of R eclam ation ,- The h is to ry  
and development of a drainage p ro je c t groups i t s e l f  in to  seven 
sep a ra te  and d i s t i n c t  p a r t s .  F i r s t ,  in  the in cep tio n  of a drainage 
movement, before any success can be hoped f o r ,  i t  must be c le a r  to  
a l l  who a re  d isposed  to  co n sid e r the m a tte r r a t io n a l ly ,  th a t  the 
c a rry in g  out of a  rec lam ation  p lan  must a ssu re  d e f in i te  re tu rn s  
from a f in a n c ia l  s ta n d p o in t. When th is  f a c t  is  e s ta b l is h e d , the 
le g a l o rg an iza tio n  of the p ro je c t  in  accordance with the  laws of 
the p a r t ic u la r  s ta t e  must be prom ulgated. The next s tep  i s  to  
p rov ide fo r  an adequate , s a fe , and economical p lan  fo r  co n stru c tio n , 
the development of which re q u ire s  the employing of com petent engi­
neers who a re  versed  in  a knowledge of the p r in c ip le s  of drainage 
en g in ee rin g . A fte r the p lans a re  made and the c o s t e s tim a ted , the 
c o s ts  must be assessed  a g a in s t the lands* These c o s ts  must be 
c o l le c te d  from the landowners in  o rder to  make payment fo r  the 
c o n s tru c tio n  of the improvements and th is  req u ire s  th a t  the d is ­
t r i c t  f i r s t  issue  bonds to  l ig h te n  the burden to  the landowner of 
paying fo r  the work. The improvements planned by the eng ineers 
must be co n s tru c ted  and the method of c o n s tru c tio n  is  c lo s e ly  a l ­
l i e d  w ith  the equipment w ith which the work may be done. F in a l ly , 
a f t e r  the improvements have been c o n s tru c te d , they must be kept in  
good co n d itio n  and m aintained so th a t  the d e s ire d  r e s u l t s  w ill  be
3secu red .
The seven s tep s  in  the  h is to ry  of a drainage development 
p ro je o t  w il l  he t r e a te d  in  th i s  th e s i s .  The major p a r t  of the the­
s i s ,  however, w il l  he given over to  a s tudy  of excavating  equip­
ment, This i s  not because th a t  p a r t  of the su b jec t is  of g re a te r  
im portance than o th e r p a r ts  h u t la rg e ly  because th a t p o r tio n  of the 
work was a ttack ed  f i r s t  and because i t  o ffe red  such a wide f i e l d  
to  co v er. In  order,how ever, to  give an idea of the g enera l s tep s 
governing the d e s tin y  of d rainage p r o je c ts ,  the s teps in  the pro­
gram, a s id e  from excavating  equipm ent, a re  tr e a te d  as f u l ly  as 
the  time allow ed fo r  the w rit in g  of the th e s is  p e rm itte d .
2.
ECONOMICS OF DRAINAGE
In crease  in  Land V a lu e ,- Drainage gives a g re a te r  in ­
c reased  value to  land than any o the r fe a tu re  e n te r in g  in to  i t s  
developm ent. I t  is  the magic wand th a t  changes the alm ost value­
le s s  swamps to  r ic h  a g r ic u l tu r a l  reg io n s . That drainage is  a sound 
economic p ro p o s itio n  which w i l l  y ie ld  no t only good hu t in  most 
cases ex tra o rd in a ry  re tu rn s  may he evidenced hy a c o n s id e ra tio n  of 
the in c reased  value of d ra ined  lands over the same lands in  th e i r  
swampy s t a t e .
In  the Southern s t a t e s ,  much of the land co n ta ined  v a l­
uable tim ber. When th is  is  onoe c u t o ff the land  becomes what is  
known as cu t-o v e r la n d s , th a t  is  lands co n ta in in g  no m erchantable 
tim ber bu t f u l l  of scrubby w orth less  tim ber and innumerable stum ps. 
In  th is  c o n d itio n , the high value  which the land  may once have had 
because of the tim ber i t  con ta ined  has been shorn from i t  and i t  
i s  valued  a t  from $5 to  $15 p e r  acre  , Where such land  is  c lea red  
befo re  drainage takes p la c e , i t  is  worth from $30 to  $^ 5 p e r a c re .
To i n s t a l l  drainage systems to  accom plish rec lam atio n , 
w i l l  c o s t,o n  the average, something le s s  than  $10 an a c re . There \ 
w il l  be v a r ia t io n s  from th i s  amount due to  s p e c ia l  co n d itio n s  bu t 
fo r  a genera l d iscu ss io n  of the  economic b e n e f i t  from d ra in a g e ,
$10 an aore may w ell be used .
I f  the land is  o r ig in a l ly  worth only  say $15 p e r acre 
and $10 i s  spent fo r  drainage w ithout o therw ise improving the land
5th e  land value in c re a se s  on the  market no t tc  the sum of the  o r ig ­
in a l  c o s t p lu s  the c o s t of d ra in a g e , hu t to  a f ig u re  w ell in  ex­
ce ss  of th a t  amount. This amount v a r ie s  accord ing  to  lo c a tio n  and 
o th e r  co n d itio n s  hu t u su a lly  i s  from $50 to  $75 an a c r e .  C leared 
lan d s in c rease  in  value p ro p o r tio n a lly  to  from $75 to  over $100 
p e r  a c re .  These f ig u re s  apply  im m ediately a f t e r  d ra in in g ,fo r  the 
lands o rd in a r i ly  con tinue to  in c rease  in  va lue  as the  f ie ld s  are  
c le a re d  and c u l t iv a te d  and o th e r improvements a re  added. Some 
lands th a t  were alm ost unm arketable a few years ago a re  now s e l l in g  
a t  from S15O to  over 1200 p e r acre  and a re  b rin g in g  re n ts  as high 
as $20 an a c re . These in c re a se s  have been due to  the c o n s tru c tio n  
of a  drainage system whioh c o s t  the owner le s s  than $10 an store.
Increase  in  Crop V a lu e ,- Drained lands w il l  produce b e t­
t e r  and la rg e r  crops than undrained  la n d s . The reasons fo r  th is  
a re  se v e ra l The s o i l  warms up e a r l i e r  in  the sp rin g  fcnd on th a t  
accoun t, more n itro g e n  is  formed to  nourish  the p la n ts .  Seeds ger­
minate e a r l i e r  in  w ell d ra ined  s o i l s  and fewer seeds w il l  f a i l  to  
germ inate and come up. This in su re s  a  b e t te r  s tand  of a crop and 
reduces the p o s s ib i l i ty  of re p la n tin g . In  the c o tto n  s t a t e s ,  the 
c o tto n  crop i s  an n u a lly  damaged g re a tly  by the b o ll  w eev il. I f  the 
crop rece iv e s  an e a r ly  s t a r t ,  i t  w il l  be so f a r  advanced by the 
time th a t  the b o l l  w eev il makes h is  appearance th a t the  w eevil can 
harm i t  bu t l i t t l e .  Drainage of the land  has been found by the 
p la n te r s  to  be the b e s t  means of o b ta in in g  an e a r ly  s t a r t  on the
w eev il.
63.
LEGAL ORGANIZATION AND LAWS
Legal P r o c e s s e s I t  i s  of the utm ost importance th a t  the 
le g a l  s tep s  involved in  the o rg an iza tio n  and management of the a f ­
f a i r s  of a drainage d i s t r i c t  or p ro je c t  s h a l l  he taken in  compli­
ance w ith  the terms of the laws under which the d i s t r i c t  i s  organ­
iz e d . To th is  end, a  thoroughly capable lawyer versed  in  drainage 
law procedure i s  inva luab le  in  the fu rth e ran c e  of the in te r e s t s  of 
the d i s t r i c t*  I f  the o o rre c t le g a l  s tep s  a re  not taken , then the 
d i s t r i c t  w i l l  be unable to  d ispose of i t s  bonds a t  the proper time 
and i t  may be necessary  to  re tr a c e  the v a rio u s  proceedings of a 
d i s t r i c t  i f  a t  some l a t e r  time a  flaw  is  found in  an e a r l i e r  pro­
ceed in g . For example, i f  the p roper a d v e r t is in g  of a h ea rin g  on an 
o r ig in a l  p e t i t io n  fo r  the d i s t r i c t  is  no t c a r r ie d  out as the  law 
re q u ire s ,  then i t  w i l l  be necessary  to  v a l id a te  the d i s t r i c t ,  to  
go th ru  the e n t i r e  proceedings of f i l i n g  p e t i t i o n s ,  h o ld ing  hear­
in g s , making r e p o r ts ,  and doing numerous o th e r th ings th a t  were 
a l l  perform ed c o r r e c t ly  them selves a t  one time but which were ren­
dered v a lu e le s s  by the d iscovery  of the f a c t  th a t  the d i s t r i c t  was 
no t p ro p e rly  a d v e r tis e d  a t  the beg inn ing . This is  b i t  one example 
of the com plica tions th a t  do a r i s e  because the legp,l proceedings 
have not been c a r e f u l ly  c a r r ie d  o u t. I t  i s  e v id en t, th en , th a t  i t  
i s  p r o f i ta b le  to  secure a competent a t to rn e y  in  whom dependence can 
be p laced  to  fo llow  out the requirem ents of the  d rainage law.
7Drainage Laws and Court D ec is io n s .-  Each s ta t e  has a 
d ra inage law of i t s  own and procedure d i f f e r s  g re a tly  under the 
d i f f e r e n t  s ta te  law s. The c o u r ts  have a lso  rendered a la rg e  nun>- 
ber of im portant decisions*  some of which in te r p r e t  the law fo r  
g en era l drainage co n d itio n s  which a re  l ik e ly  to  be met w ith  in  any 
s t a t e .
Altho the workings of the law r e a l ly  belong to  the a t t o r ­
neys fo r  a drainage d i s t r i c t*  the engineer should be th o ro ly  con­
v e rsa n t and fa m ilia r  w ith the o p era tio n  of any law under which he 
may be c a l le d  upon to  work. He w ill  no t on ly  f in d  th i s  necessary  
and u s e fu l  in  perform ing the eng ineering  work, but i t  is  a lso  im­
p o r ta n t fo r  h is  own p ro te c tio n  in  secu rin g  payment fo r  h is  se r­
v ic e s ,  For example, an e r ro r  in  a  boundary d e s c r ip t io n  a d v e r t is in g  
a h ea rin g  on a drainage d i s t r i c t * i n  one case caused the co u rt to  
decide th a t  the d e s c r ip t io n  was in v a lid  because i t  f a i l e d  to  des­
c r ib e  any th ing  and the eng ineers lo s t  s e v e ra l thousand d o l la r s  which 
had been spent in  making surveys and p la n s . The d e s c r ip t io n  was 
the work of the a t to rn e y  and had no t been checked by the en g in ee rs .
A study  of the d rainage laws of se v e ra l s t a t e s  where
drainage is  a  m atter of importance to g e th e r w ith  a d iscu ss io n  of 
a  number of the most im portant c o u rt d ec is io n s  r e la t in g  to  drainage
would be of in te r e s t  bu t i t  is  beyond the scope of th i s  th e s is  to
take up th i s  study and d is c u s s io n .
8ENGINEERING
P re lim in a ry  In v e s t ig a t io n s .« The drainage eng ineer is  
u s u a lly  c a l le d  upon to  make a  p re lim in a ry  exam ination of a proposed 
drainage a rea  and determ ine whether or not drainage i s  f e a s ib le  and 
whether or not i t  w il l  be p r o f i ta b le  to  spend money to  rec la im  the 
t e r r i t o r y .  In so doing , the eng ineer should make a p e rso n a l recon­
naissance to u r of the a rea  to  be d ra ined  n o tin g  the p a r t ic u la r  fe a ­
tu re s  th a t  would e f f e c t  the drainage s i tu a t io n .  All e x is t in g  maps <f 
the t e r r i t o r y  should be ob ta ined  as q u ite  o ften  , in fo rm ation  th a t  
i s  v a lu ab le  in  working out d ra inage  has been c o lle c te d  fo r  o ther 
p u rp o ses . The main problem to  determ ine is  th a t  of an o u t le t  fo r  
a drainage system . I f  i t  can be a sc e r ta in e d  th a t  a  good o u t le t  can 
be secured  w ithout too g rea t expense, then the f e a s i b i l i t y  of d ra in ­
ing  the lands is  f a i r l y  w ell a ssu re d . To o b ta in  s u f f ic ie n t  da ta  to  
work out the o u t le t  problem , i t  may be n ecessa ry  to  run some p re­
lim in a ry  le v e l l in e s  to  o b ta in  e le v a tio n s . E x istin g  reco rds of p a s t  
h igh  w aters both as to  he ig h t and q u a n tity  should be s tu d ie d . With 
in fo rm ation  such as  has been m entioned, a  p re lim in ary  p lan  can be 
worked out c lo s e ly  enough to  determ ine the f e a s i b i l i t y  of c a rry in g  
out d ra in ag e .
Development of the F in a l P la n ,-  I f  the p re lim in a ry  inves­
t ig a t io n s  show th a t  a drainage system w il l  rec la im  an a re a  of wet 
land  a t  a  reasonab le  c o s t ,  o rd in a r i ly  the engineer is  in s tru c te d  
to  design  the p lan  fo r  rec lam ation  and to  p repare  such sp e c if ic a ­
tio n s  as may be n esessa ry  fo r  c a rry in g  out the work.
9In  working out the f in a l  d es ig n , the  d a ta  from which the 
p re lim in ary  p lans were made u s u a lly  has to  he supplemented w ith a 
lftrge amount of a d d it io n a l  in fo rm atio n . Survey p a r t ie s  mtiet go in to  
the f i e l d  and run l in e s  th ru o u t the a re a , determ ining the  e leva­
tio n s  of the v a rio u s  p o rtio n s  of the t e r r i t o r y ,  c o l le c t in g  high 
w ater marks and d a ta ,  meandering the im portan t stream s, and in  gen­
e r a l  secu rin g  com plete in fo rm ation  reg ard in g  whatever may a f f e c t  
the d rainage s i tu a t io n .
The f i e l d  da ta  trust he compiled and maps made showing the 
im portan t topographic fe a tu re s  and e le v a tio n s .
Then the drainage system must he designed . To do th is  
in t e l l i g e n t ly  and to  be sure th a t  the p lan  w il l  he e f f e c t iv e ,  a 
th o ro  knowledge of the p r in c ip le s  and a p p lic a tio n s  of h y d rau lic s  
of stream s is  needed. Space does not perm it th a t  a d isc u ss io n  of 
these p r in c ip le s  he s e t  down h e re . S u ffice  to  say , however, th a t  
th e  eng ineer who seeks to  la y  out a la rg e  d rainage system must he 
ab le  to  solve a l l  problems d ea lin g  w ith the  flow  of w ater in  both 
a r t i f i c i a l  and n a tu ra l  channe ls . A r t i f i c i a l  channels a re  o rd in a r i ly  
based on the use of the Chezy form ula and K utter*s form ula fo r the 
roughness c o e f f i c ie n t .  The eng ineer should no t only he ab le  to 
so lve c o r r e c t ly  these  form ulas hu t he should a lso  have developed 
judgment as to  the p a r t ic u la r  K u tte r c o e f f ic ie n t  to  use in  any 
c a se . To th is  end, he should he ab le  to  make f i e l d  experim ents 
on co n s tru c ted  channels to  v e r i f y  the c o e f f ic ie n ts  used and to  fu r ­
n ish  d a ta  fo r  fu tu re  s im ila r  d e s ig n s . The s o lu tio n  of the Chezy 
form ula is  b e s t accom plished by means of diagrams and the engineer
10
should  understand  the use of such diagram s.
Flow problems in  n a tu ra l  channels req u ire s  the same 
knowledge and judgment in  the a p p lic a t io n  of the Chezy and K utter 
form ulas and in  a d d itio n  re q u ire s  a thoro understand ing  of the 
so lu tio n  of backwater problem s. Perhaps no p a r t  of the drainage 
en g in ee r*8 h y d rau lic  knowledge i s  so e s s e n t ia l  as th a t  of back­
w ater f o r  by means of backwater c a lc u la t io n s  determ ining  e le v a tio n s  
are  found which in flu en ce  the e n t i r e  d es ig n .
I t  is  no t unusual fo r  drainage systems to  involve problem* 
of s to rag e  of w ater in  lakes or in  a r t i f i c i a l  r e s e rv o ir s .  The engi­
n eer w i l l  f in d  u s e fu l in  th is  connection* a knowledge of the method* 
of computing c a p a c it ie s  and a rea s  of re s e rv o irs  and of determ ining  
th e i r  e f f e c t  on stream  flow ,
Where levees a re  p lanned , sluicew ays and in v e rte d  siphons 
a re  met w ith  and the flow th ru  such s tru c tu re s  must be in v e s tig a te d  
and proper designs worked o u t.
For a th e o re t ic a l  trea tm en t of the su b je c ts  th a t  have beai 
mentioned as e s s e n t ia l  or tise fu l to  the drainage e n g in e e r» referenc: 
should be made to  stan d ard  books on h y d ra u lic s .
A fte r the drainage works have bean designed , the next 
s tep  is  to  estim ate  the c o s t .  In  th is  connec tion , i t  i s  q u ite  nec­
e ssa ry  th a t  the d rainage eng ineer be ab le  to  estim ate  earthwork 
and o th e r p ieces  of a u x i l ia ry  drainage work. He must a lso  be in ­
formed as to  the p r ic e s  th a t  the  work can be co n tra c ted  fo r  in  
o rder th a t  h is  c o s t  estim ate  may be accu ra te  and dependable.
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5.
ASSESSMENTS
P rocesses of Making A ssessm ents,'- There a re  two d i s t i n c t  
d iv is io n s  which a re  necessary  in  the making of a drainage a sse ss ­
ment r o l l .  The f i r s t  i s  the f ix in g  of the r a te  of the b e n e f i t  
which each t r a c t  of land  to  be assessed  should b e a r . The second 
c o n s is ts  of l i s t i n g  the lands on the assessm ent r o l l  form and c a l­
c u la t in g  the t o t a l  amount of b e n e f i t  to  be assessed  a g a in s t  each 
t r a c t  of la n d . These d iv is io n s  apply  to  the  method which is  the 
only r a t io n a l  one fo r  making assessm en ts, th a t  of a s se s s in g  ben­
e f i t s  th a t  w i l l  accrue by reason  of an improvement. The d iscu ss io n  
of assessm ents to  fo llow  w il l  no t co n sid e r any o ther method.
F ix ing  the r a te  of b e n e f i ts  is  the only  p a r t  of the work 
» th a t  re q u ire s  experience and knowledge of the b a s is  fo r  making a 
ju s t  and e q u itab le  assessm ent. The com pila tion  of the r o l l  and the 
c a lc u la t io n s  of the in d iv id u a l b e n e f i ts  and taxes a re  only  ro u tin e  
o f f ic e  work and, a l th o  there  a re  many p o in ts  to  be noted  in  connec­
t io n  w ith the e f f i c i e n t  prom otion of th i s  work, th i s  p a r t i c u la r  
phase of assessm ents w i l l  not be taken up in  th i s  th e s is  .
The B enefit Method of A ssessm ents.- The most eq u itab le  
way to  a r r iv e  a t  the b e n e f i t  th a t  each t r a c t  of land should be 
a sse sse d  is  to  determ ine the maximum amount of b e n e f i t  th a t  w il l  
be rece iv ed  by any of the land e ffe c te d  and to  then a s se ss  benefite  
on o th e r t r a c t s  of land in  terms of a  percen tage  of th i s  maximum 
b e n e f i t .  For i l l u s t r a t i o n ,  the maximum b e n e f i t  might be f30 per 
a c re . Then th is  land  would be considered  as 100 per o en t land .
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Land th a t  should he assessed  only  h a l f  as much as the land  bearin g  
the maximum assessm ent would then  be c l a s s i f i e d  as 50 p e r cen t 
land  and would bear a b e n e f i t  assessm ent of $15 an a c re .  Land th a t  
would rece iv e  only seven te n th s  of the maximum b e n e f i t  would be 
70 p e r c en t land and would be assessed  fo r  b e n e f i ts  $21 an a c re . 
Other lands would be assessed  in  p ro p o rtio n  to  the b e n e f i t  re­
ce iv ed .
The amount th a t  w i l l  c o n s t i tu te  the maximum b e n e f i t  to  
be rece iv ed  d i f f e r s  accord ing  to  the e x ten t of the improvement and 
the o r ig in a l  c o n d itio n  of the land improved and can not exceed the 
amount by which the value of the  land w ill  be enhanced a f t e r  the 
improvements a re  c a r r ie d  o u t. I t  i s  u sua l in  the South to  f ix  the 
maximum b e n e f i t  th a t  w il l  be rece ived  by lands in  overflow  areas  
where the  s o i l  i s  f e r t i l e  a t  from $20 to  $40 per a c re . The a c tu a l  
b e n e f i t  th a t is  rece iv ed  i s  in  most cases g re a te r  than th i s  and 
g re a te r  b e n e f i ts  could  be proven and su s ta in e d  in  c o u r t .  However, 
these  b e n e f i ts  w i l l  in  most cases  a f fo rd  a s u f f ic ie n t  margin be­
tween b e n e f i ts  and c o s t so th a t  the s e c u r i ty  of the bond issue  is  
a ssu red  and no th ing  would be gained from a p r a c t ic a l  s tan d p o in t 
by in c re a s in g  the b e n e f i ts .
D eterm ining F ac to rs  in  A ssessing B e n e f it* .-  Before lands 
e f fe c te d  by a p a r t i c u la r  improvement can be a sse sse d , i t  must f i r s t  
be determ ined what land w il l  be most b e n e f i t te d  . This w i l l  then 
be 10C per oent land and w il l  form the stan d ard  by which to  a sse ss  
the o th e r lan d s. In the c l a s s i f i c a t io n  of lands accord ing  to  the 
percen tages which each t r a c t  should b e a r , e ig h t fa c to rs  need to  be 
co n s id e red .
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These e ig h t fa c to rs  a re ;
1. Degree of wetness or lack  of n a tu ra l  d ra in ag e .
2 . Completeness of d rainage provided or d is ta n ceto  n e a re s t  o u t le t  p rov ided ,
3 . D istance from n a tu ra l  o u t l e t s .
R e la tiv e  lo c a tio n ,
5. Degree of in a c c e s s ib i l i ty .
6. F e r t i l i t y .
7# Kind of p ro p e r ty .
8. H ealth ,
The f i r s t  th ree  of these  fa c to rs  a re  q u ite  im portant and the others 
a re , in  most c a se s , of r e l a t iv e ly  sm all im portance. In  o rder to  
b rin g  out the in flu en ce  of each fa c to r  upon the assessed  b e n e f i ts ,  
each of these w il l  be taken up and ejq jla ined .
Degree of Wetness or Lack of N atu ra l D ra inage ,- This is  
the most im portant f a c to r  in  determ ining  the amount of b e n e f i t  to  
be rece iv ed  by any t r a c t  of lan d . Unless land  is  a c tu a l ly  wet and 
in  need of d ra in ag e , i t  w ill  no t be b e n e f i t te d  to  any g re a t ex­
te n t  and hence should be a ssessed  only a sm all or nominal minimum 
amount. I t  i s  u su a l to  assess  lands th a t  a re  too wet fo r  p ro f ita b le  
c u l t iv a t io n  a t  the maximum r a te  even tho they  are  c le a re d  of timber 
and a ttem p ts  are  made to  c u l t iv a te  them. Lands th a t can be p r o f i t ­
ab ly  c u l t iv a te d  bu t on which crops a re  f re q u e n tly  destroyed  should 
be assessed  a t  p e rcen ts  le ss  than 100 accord ing  to  the frequency 
of the lo s s e s . Lands th a t  are  only o cca sio n a lly  damaged because of 
im perfect drainage and on which crops a re  never e n t i r e ly  lo s t  
should be assessed  a t  a  f a i r l y  low ra te  such as from 20 to  30 p e r
c e n t .
Completeness of Drainage P rov ided .— A c o n s id e ra tio n  of 
th i s  f a c to r  takes account p r im a r ily  of the p roxim ity  of a t r a c t  
of land to  proposed d itch es  and the com pleteness witljwhich the 
w ater w ill  be removed. A t r a c t  ly in g  im m ediately along a d itc h  
which has a p e r fe c t  o u t le t  would be considered  to  be com pletely  
d ra in ed . A t r a c t  some d is tan ce  from a d itc h  would not d ra in  in to  
the d itc h  so r e a d i ly  and hence would rece iv e  le s s  b e n e f i t  , I t  is  
u su a l to  r a te  the second t i e r  of 4-0 acre  t r a c t s  back from a d itc h  
a t  from 10 to  15 p e r cen t le s s  than the t i e r  of ko ac re  t r a c ts  
next to  the d i tc h .  Succeeding t i e r s  of 40 acre  p ieces would be 
reduced acco rd in g ly . However, i f  the r ig h t  of way n ecessary  fo r  the  
d ito h  is  no t paid  f o r ,  then the o rd inary  procedure is  to  a sse ss  
the f i r s t  row of t r a c t s  the same as the second on the assum ption 
th a t  the value of the r ig h t  of way taken balances the decreased 
b e n e f i ts  derived  by reason of the g re a te r  d is ta n ce  to  the o u t l e t .  
A fter a b a s is  fo r  assessm ent accord ing  to  th is  f a c to r  has once been 
e s ta b lish e d  in  any p a r t ic u la r  ca se , then i t  i s  only a m atte r of 
m athem atical c a lc u la t io n  to  determ ine the assessm ents a g a in s t a l l  
t r a c t s  as regards th is  f a c to r .
D istance from N atural O u tle ts .-  The d is tan ce  from n a tu ra l  
o u t le ts  i s  a very  im portant f a c to r  in  determ in ing  the assessm ent 
upon a t r a c t  of lan d . Land may be extrem ely wet and yet be near a 
p e r fe c t  o u t le t .  For example, a wide f l a t  rid g e  some 10 f e e t  above 
the e le v a tio n  of the surrounding  coun try  might con ta in  a t r a c t  of 
land too wet fo r p ro f i ta b le  c u l t iv a t io n  a n d ,n e v e r th e le s s , th is  land 
would no t be g re a t ly  b e n e f i t te d  by a drainage system because the
"
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land a lre a d y  has a n a tu ra l  o u t le t  a t  the edge of the rid g e  and 
e n t i r e ly  independent of the o u t le t  channels which may he ou t th ru  
the lew ground a long  s id e . The work n ecessary  to  rec la im  the t r a c t  
could  be done by the owner w ithout regard  to  the c a rry in g  out of 
the improvements in  the low la n d . Such circum stances would ju s t i f y  
only a sm all assessm ent on the lan d . This land would he in  the same 
c la s s  as land w ith a good o u t le t  a t  an e le v a tio n  w ell above any 
determ in ing  e le v a tio n  of a system of proposed d itc h e s .
R e la tiv e  L o ca tio n .- By r e la t iv e  lo c a tio n  i s  meant the lo ­
c a t io n  of land w ith  re sp e c t to  the  drainage system proposed. For 
example, the lands bo rdering  on the upper ends of l a t e r a l  d itc h e s , 
which must n e c e s s a r ily  be co n s tru c ted  la rg e r  than the hyd rau lic  
s tan d a rd s  which govern the lower ends of the d itch es  re q u ire  in  
o rder to  perm it the excavation  te  be done by the same equipment, , 
w i l l  rece iv e  some more b e n e f i t  than the lands along the lower 
s tr e tc h e s  of the d itc h e s  because , even under extreme co n d itio n s  
which may cause the w ater to  run  f u l l  in  the lower reaches of the 
d itc h e s  or to  spread  over the ground fo r  s e v e ra l h ou rs , the excess 
c a p a c ity  in  the upper ends of the d itch es  w i l l  make the ad jacen t 
lands safe  from overflow . However, the d iffe re n c e  in  b e n e f i ts  from 
such a cause a re  more apparen t than r e a l  and the r e la t iv e  lo c a tio n  
of land with re sp e c t to  the d rainage system is  only of minor im­
portance in  the assessm ent of b e n e f i ts .
Degree of I n a c c e s s ib i l i ty , -  This fa c to r  has re fe rence  
to  the lo c a tio n  of a t r a c t  of land with re s p e c t to  o the r lands or 
lo c a tio n s  such as r a i l r o a d  s ta t io n s  or towhs which i t  i s  always
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d e s ira b le  to  have w ith in  easy  ac c e ss . In  some ca se s , even tho the 
land  i t s e l f  may be high and d ry , i t  may be made in a c c e ss ib le  by 
floodw aters  covering  to  im passib le dep th s, the only roads which 
connect the land w ith o the r p la c e s . Again i t  may be th a t  an in te r ­
vening 3wamp makes the maintenance of a road to  the land  alm ost 
im possib le w ithout d ra in in g  the swamp. In  such cases the b e n e f i t  
derived  may be c o n s id e ra b le . l t  i s ,  however, r a th e r  of an in tan g ib le  
n a tu re  and d i f f i c u l t  to  f ix  in  amount so th a t  the b e n e f i t  p a rtak es  
of an in d ire c tn e ss  whioh c o u rts  a re  slow to  s u s ta in .
F e r t i l i t y , -  This f a c to r  should conside r the v a r ia t io n  
in  f e r t i l i t y  of lands to  be b e n e f i t te d  by an improvement. In  the 
South and in  most o ther p a r ts  of the oouh try , the o rd in a ry  d ra in -  j 
age d i s t r i c t  i s  composed la rg e ly  of overflowed lands, the s o i l  of 
which is  a l l  f e r t i l e  in  alm ost the same degree and capable of pro­
ducing s im ila r  c ro p s . This be ing  the oase , th e re  could be no var­
ia t io n  of importance in  the b e n e f i ts  derived  as a r e s u l t  of any 
d iffe re n c e  in  f e r t i l i t y  of s o i l .  I f  the re  should happen to  be a 
b a rren  t r a c t  of land th a t  oannot be p r o f i ta b ly  c u l t iv a te d  to  pro­
duce as g re a t re tu rn s  a f te r  d rainage as the r e s t  of the lan d s , the i 
th i s  t r a c t  should no t be a ssessed  a t  a l l  or in  any even t only a 
sm all amount.
Kind of P ro p e r ty .-  The use to  which a p iece  of p ro p erty  
i s  or may be pu t a f f e c t s  the b e n e f i t  rece iv ed  by th a t  p ro p e rty . 
Where land is  high in  p r ic e  and used fo r  in te n s iv e  purposes and 
where the low ering of the w ater le v e l in  the ground might make i t  
of g re a te r  value fo r  b u ild in g  or o ther purposes than i t  would be
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fo r  a g r ic u l tu r a l  u se s , then the b e n e f i t  rece iv ed  would be high and 
should be assessed  a g a in s t the land . In  the o rd inary  drainage d is -  
t r i c t ,  however, such oases a re  not l ik e ly  to  a r i s e ,  fo r  a l l  of the 
land is  u su a lly  valuab le  c h ie f ly  from an a g r ic u l tu r a l  s ta n d p o in t.
H e a lth ,-  There a re  always bodies of s tag n an t w ater which 
a re  d ra ined  away by drainage improvements. These p laces  a re  always 
b reed in g  p laces fo r  d isease  c a rry in g  sp ec ie s  of in s e c ts  such as the 
m a la r ia l m osquito. When d ra ined  and removed, the community rece ives 
a b e n e f i t .  This is  more or le s s  the same th ru o u t any a re a  th a t  is  
improved a t  one time and hence need not be given much co n sid e ra tio n  
in  p la c in g  the b e n e f i t  assessm en t.
Combination of F a c to r s ,-  As has been s ta te d  p re v io u s ly , 
the f i r s t  th ree  named fa c to rs  a re  the most im portan t. In making 
an assessm en t, the fa c to rs  a re  combined acco rd ing  to  th e i r  r e la ­
t iv e  importance in to  one f i n a l  per cen t of b e n e f i t  which i s  p laced  
a g a in s t  the p a r t i c u la r  t r a c t  being  co n sid e red . This f in a l  p e r cen t 
may be ob ta ined  m athem atically  by r a t in g  the variou s f a c to r s  and 
combining them b u t inasmuchas e r ro rs  in  judgment in  determ ining  
the  fa c to rs  them selves a re  l i a b le  to  be as g re a t or g re a te r  than 
any e r ro r  in  m entally  f ix in g  the f in a l  f ig u re  d i r e c t ly  from a men­
t a l  co n s id e ra tio n  of a l l  the f a c to r s ,  i t  i s  no t u su a l to  use any 
extended m athem atical p rocesses  in  a r r iv in g  a t  the d e s ire d  r e s u l t .
S pec ia l Cases of A ssessm ents,- R a ilro ad s and town lo ts  
in  a d rainage d i s t r i o t  c o n s t i tu te  a s p e c ia l  c la s s  of p ro p e rty  
which must be a ssessed  somewhat d i f f e r e n t ly  from o rd in a ry  lan d s. 
Town lo ts  a re  q l i t e  o ften  assessed  a f l a t  low r a te .  R ailroads may
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rece iv e  b e n e f i ts  because d rainage w il l  decrease the maintenance 
c o s ts  fo r  the p a r t  of the l in e  w ith in  a d rainage d i s t r i c t .  They 
may be b e n e f i t te d  by reason of the n e c e s s ity  no longer e x is t in g  
to  m ain tain  long and expensive t r e s t l e s  to  pass flood  w a te rs ,
Suoh th in g s  as these  a re  d i r e c t  b e n e f i ts .  R ailroads a ls o  always 
rece iv e  an in d ir e c t  b e n e f i t  from the in c reased  p ro s p e r ity  which 
r e s u l t s  from drainage improvements. I t  i s  a m atter of extreme d i f ­
f i c u l t y ,  however, to  s u s ta in  any in d ire c t  b e n e f i ts  in  c o u r t .  I t  
i s  oustomary in  many d i s t r i c t s  to  a ssess  the  r a i l ro a d  p ro p e rty  a t  
the maximum acreage per cen t fo r  the t o t a l  number of ac re s  of 
r a i l r o a d  r ig h t  of way w ith in  the d i s t r i c t .
j 3 3
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6 .
FINANCING DRAINAGE DISTRICTS
M ethods.- Whenever drainage d i s t r i c t  improvements are  
to  be c a r r ie d  o u t, money must be provided to  pay fo r the  coe t of 
the  work. Such improvements u s u a lly  c o s t la rg e  sums of money and 
th e  landowners a re  not o rd in a r i ly  f in a n c ia l ly  ab le  or d isposed  to  
make payment them selves fo r  the  drainage works a t  the time they are  
c o n s tru c te d . What i s  d e s ired  i s  to  le ssen  the burden of payments by 
ex tend ing  them over a p e rio d  of years which may occupy the la rg e r  
p a r t  of tothe l i f e  of the improvement. This r e s u l t  may b e s t be a t ­
ta in e d  by paying fo r  the work in  the f i r s t  p lace  w ith funds r e a l­
ized  by is su in g  bonds. The bonds a re  then r e t i r e d  in  the course 
of se v e ra l years by money ra is e d  by ta x a tio n .
Drainage laws u s u a lly  provide fo r  allow ing any landowner 
to  pay h is  e n t ir e  assessm ent b efo re  the improvements a re  b u i l t  bu t 
except on v ery  sm all p ieces of work, th is  is  never done. Where 
d rainage work is  done under county d itc h  law s, i t  sometimes hap­
pens th a t  the county  issu es  c e r t i f i c a t e s  of indebtedness c a l le d  
s c r ip t  to  pay fo r  the work. These c e r t i f i c a t e s  are  payable whenever 
th e re  a re  funds a v a ila b le  from the c o l le c t io n  of taxes •
Issu in g  bonds is  by f a r  the most im portant method of 
f in a n c in g  drainage d i s t r i c t s  and the o the r means w il l  no t be con­
s id e re d  f u r th e r .
S ecu rity  fo r  Drainage Bonds.— Boads issued  fo r  drainage 
improvements a re  secured by what i s  v i r t u a l l y  a  mortgage on each 
t r a c t  of land assessed  to  the e x ten t to  which each t r a c t  p a r t i c -
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ip a te s  in  paying fo r  the improvement . The bond issue  is  not se­
cured  by the f u l l  value of the p ro p e rty  w ith in  a d i s t r i c t  bu t only 
by an amount equal to  the b e n e f i ts  a ssessed  a g a in s t the  la n d s . Each 
p a rc e l of land i s  in d iv id u a lly  l ia b le  only to  the e x te n t of the 
b e n e f i ts  which i t  bears  as shown by the assessm ent* and whenever 
any p iece  of land has paid  an amount equal to  the b e n e f i ts  rece iv ed , 
then  i t s  l i a b i l i t y  c e a se s . In  drainage d i s t r i c t s ,  th e re  is  u su a lly  
an ample margin between the b e n e f i ts  and the cost,w h ich  is  the a -  
mount of the bond is s u e ,s o  th a t  the s e c u r i ty  of the issu e  is  not 
to  be doubted.
Bond buyers s c ru t in iz e  the b e n e f i ts  and th e i r  r e la t io n  
to  the o o st of the work in  o rder to  s a t i s f y  them selves th a t  the 
b e n e f i ts  assessed  w i l l  a c tu a l ly  be rece iv ed  and th a t  the c o s t i s  
no t too g re a t a per cen t of the b e n e f i ts .
Approval of Legal P ro ceed in g s .- There a re  in  th i s  coun­
t r y ,  a few le g a l firm s of unquestioned  high s tan d in g , whose ap­
p ro v al of a l l  the le g a l s tep s  taken in  the o rg an iza tio n  and fort- 
warding of the d i s t r i c t  a f f a i r s  of a d rainage d i s t r i c t  must be 
secured  before bonds w il l  be pa id  fo r  by the bond buyer. These f  irn  3 
have sp e c ia liz e d  in  fa m ilia r iz in g  them selves w ith  the c o r re c t  le&al 
procedure under the laws of the d i f f e r e n t  s ta te s  , The bond pur­
ch aser u su a lly  buys an issue  c o n d itio n a l upon the secu rin g  of the 
approval of some one of these  le g a l f irm s .
The im portance of th i s  approval is  ev iden t when i t  is  
remembered th a t  u n le ss  each p a r t ic u la r  s tep  in  the proceedings of 
a d i s t r i c t  i s  in  accordance w ith  the law, the s e c u r i t ie s  w i l l  have
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no s tan d in g  in  c o u rt and the "bonds w il l  be v a lu e le s s . Unless bond 
d e a le rs  were thus c a re fu l  in  making sure th a t  the le g a l i t y  of the 
procedure was unquestioned , i t  might develop th a t  some flaw would 
be b ro t  to  l ig h t  years a f te r  the issue  had been made th a t  would 
v i t i a t e  the bonds even a t  th a t  tim e. In o rd er to  be ab le  to  o f fe r  
th e i r  o l ie n ts  bonds which are  a b so lu te ly  secu re , the bond d ea le rs  
must have s a t i s f i e d  them selves th a t  the le g a l  s teps a re  a c c u ra te ly  
and p re c is e ly  taken .
Approval of the P la n s ,-  Another fe a tu re  of the work th a t  
the bond man must in v e s t ig a te  is  whether the improvements th a t  a re  
proposed have been planned So that,w hen com pleted, they  w il l  give 
the r e s u l t s  in tended and b e n e f i t  the lands as much as the a ssessed  
b e n e f i t s .  The re p u ta tio n  of the eng ineer p lann ing  the improvements 
i s  always considered  by the p u rch ase r . I f  the  natu re  of the  work 
i s  no t e s p e c ia lly  la rg e  or unusual in  c h a ra c te r ,  i f  the engineer 
i s  one of s tan d in g  then th is  in  i t s e l f  w i l l  serve to  convince the 
bond man th a t  the p lan  is  s a t i s f a c to r y  and worth the c o s t .  However, 
i f  the eng ineer is  no t w ell known or of an e s ta b lish e d  good repu ta ­
t io n ,  or i f  the work is  more than  o rd in a ry  in  c h a ra c te r  or c o s t ,  
then the d ea le r  in  bonds w i l l  employ competent eng ineers to  check 
over the p lans and determ ine th e i r  f e a s i b i l i t y  and c o r re c tn e s s .
The approval of the p lans is  im portan t because, i f  the 
improvement should f a i l ,  then the purchasers  of the bonds would 
f in d  them selves w ithou t s e c u r i ty  fo r  the money which they have 
lo an ed .
Naming a D i s t r i c t . -  In  s e le c t in g  a name fo r  a newly o r-
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ganized drainage d i s t r i c t , no suoh name as the ttWild Cat Slough 
Drainage D is t r ic t"  should be s e le c te d . The name chosen may have 
a r e a l  e f f e c t  on the sa le  of the bonds fo r  , as a bond d ea le r  once 
to ld  me, i t  i s  no t an easy m atter to  convince a man to  buy bonds 
of a "Wild Cat Slough D is t r ic t"  when the money w ith which he makes 
the purchase may re p re se n t the savings of se v e ra l y e a rs . The name 
should in s tead  of being of a w ild -c a t n a tu re , be more co n serv a tiv e  
and give an im pression of s u b s ta n t ia l  p ro s p e r i ty  and f in a n c ia l  
back ing .
D e ta ils  of Bond I s s u e ,-  Eonds a re  u s u a lly  issu ed  as s e r i a l \ 
bonds, which means th a t  the bonds f a l l  due in  s e r ie s ,  some each year 
u n t i l  the e n t ire  issu e  is  r e t i r e d .  Drainage bonds a re  q u ite  u s u a lly  
is su ed  so th a t  none of the bonds f a l l  due fo r  a t  l e a s t  5 years a f te r  
the date  of is s u e , only the in t e r e s t  being  p a id  fo r  the f i r s t  5 
yearB. This allow s the landowner to  meet the heavy expense of c le a r ­
ing  the land during  the e a r ly  y e a rs . Then, by the time the tax  be­
comes h eav ie r to  pay o ff p a r t  of the bond p r in c ip a l ,  the  land is  
in  c u l t iv a t io n  and y ie ld in g  re tu rn s  w ith  which t$  meet the increased 
ta x e s ,
Eefore the  bonds axe so ld , the exac t amount of the is s u e , 
the r a te  of i n t e r e s t ,  the d a te s  of m a tu rity , the p lace  of payment, 
and the denom ination of the bonds should a l l  be determ ined. The 
m a tu r it ie s  should be so arranged  th a t  the sum of the in te r e s t  and 
p r in c ip a l  payments w i l l  be p ra c t ic a l ly  the same fo r  each year f o l­
lowing the years when only in t e r e s t  i s  p a id .
i » . i  .n r  -  -  ■   T  iiiriir mr - — — —— im i iiiiiiiiii ,i n
7 .
EXCAVATING EQUIPMENT
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C la s s i f ic a t io n .-  The c o n s tru c tio n  of canals and levees 
to  accom plish rec lam ation  of overflowed lands is  done by se v e ra l 
d i f f e r e n t  types of equipment* the equipment in  any p a r t ic u la r  case , 
depending upon the n a tu re  and co n d itio n s  of the work. Mr. C harles 
P r e l in i  in  h is  book, "Dredges and Dredging", has c l a s s i f i e d  exca­
v a tin g  machines in to  two k in d s , continuous and in te r m i t te n t .  In the 
f i r s t  c la s s  are  p laced  ladder d redges, h y d rau lic  d redges, s t i r r i n g  
dredges and pneumatic dredges; in  the second c la s s  a re  d ipper 
dredges and grapple d redges. P ro fesso r A.B. McDaniel in  h is  ab le  
work, "Excavating M achinery", has d iv ided  h is  su b jec t in tb ,  f i r s t ,  
s c ra p e rs , g raders and shovels , and, second, dredges. The f i r s t  in ­
c lu d es  the v a rio u s  kinds of sc rap e rs  and g rad e rs , cap stan  plows and 
steam shovels; the second inc ludes dry land ex cav a to rs , f lo a t in g  
ex cav a to rs , trench  ex cav a to rs , and levee b u ild e rs .
A c l a s s i f i c a t io n  d i f f e r e n t  from e i th e r  of these  w il l  be 
used in  th is  th e s i s .  This is  given on the fo llow ing  page. The foun­
d a tio n  fo r  th is  c l a s s i f i c a t io n  i s ,  f i r s t ,  the method of excavating  
and, second, the means of locom otion. With th is  d iv is io n , no t only 
a re  machines o p era tin g  on s im ila r  p r in c ip le s  b ro t to g e th e r  but the 
equipment c l a s s i f i e d  under each main heading arranges i t s e l f ,  w ith  
a few ex cep tions, in  the order of the r e la t iv e  importance of each 
type from the s tan d p o in t of land  rec lam a tio n .
2kC L A S S I F I C A T I O NOFE A R T H  M O V I N G  E Q U I P M E N T
A. STIFF ARM MACHINES
1. Steam Shovel
2 . Dipper Dredgea .  F lo a tin gb .  L&nd
3 . Walking Dredge 
Drag Eoat
B. SUSPENDED CABLE MACHINES
1. Drag Line
a .  Mounted on Tracks, R o lle rs , or Wheelsb , Walkingo . Guided Bucket d , T ractor
2 . Tower Machines
3 . Grapple Dredges
C. REVOLVING WHEEL OR CHAIN MACHINES
1« Templet Excavators
2, Wheel Excavators 
3« Trench Excavators 
4-. Ladder Dredge
D. HAND AND TEAM
1. Scrapers 
2« Graders
3 . Plowsa .  Capstanb . Trench
Shovels
E. HYDRAULIC MACHINES
1, Suction  Dredge
F. MISCELLANEOUS
1. Dynamite
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A.- STIFF ARM MACHINES 
1 .Steam Shovel
D e sc r ip tio n .-  There a re  two p r in c ip a l  types of steam 
sh o v e ls -  r a i l ro a d  shovels and revo lv ing  shovels . The former a re  
of v ery  heavy c o n s tru c tio n  and a re  b u i l t  on the lin e s  of a r a i l ro a d  
c a r ,  the shovel o p era tin g  from one end. Revolving shovels a re  of 
l ig h te r  c o n s tru c tio n  and b u i l t  to  perm it com plete r o ta t io n  of the 
e n t i r e  shovel and machinery th ru  a f u l l  c i r c l e .  Eoth types re q u ire  
the excavated m a te r ia l to  be rehandled  and disposed of by dump c a rs  
or o th e r means.
The u su a l type of shovel c o n s is ts  of a s te e l  frame mounted 
upon tru ck s and ca rry in g  the machinery fo r  excavating . A cab or 
housing b u i l t  over the frame s h e l te r s  and p ro te c ts  the o p era ting  
mechanism. On the f ro n t end of the frame, a boom p ro je c ts  upward 
a t  an angle of approxim ately  30 degrees or more. On the la rg e  s iz e  
sh o v e ls , the p o in t of the boom is  supported by a cab le  hung from 
a tr ia n g u la r  shaped A-frame which extends se v e ra l f e e t  above the 
top of the housing . On sm all sh o v e ls , the boom is  hung from a frame 
a t  the e le v a tio n  of the top of the cab . Suspended from the end of 
the boom is  a s t e e l  d ipper which works on a long handle passin g  
th rd  the boom. The d ipper handle has a rack  on i t s  under side  
which engages in  cogs on a sh ip p er sh a f t where the handle goes th ru  
the boom.
Three s e ts  of engines a re  employed on a steam shovel. 
H o is tin g  engines operate  the h o is t in g  drums upon which a re  wound 
the  cab le  th a t h o is ts  the d ip p e r . Swinging engines opera te  the 
swinging drums which revo lve the shovel . On r a i l ro a d  shove ls ,
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only  the boom and d ipper revo lve and these t r a v e l  only  th ru  a few 
degrees more than 180. On rev o lv in g  sh o v e ls , the e n t i r e  body of the 
shovel can revolve th ru  a f u l l  c i r c l e .  Crowding engines a re  the 
th i r d  s e t  of engines re q u ire d . These engines apply  a fo rce  to  the 
d ip p er handle to  crowd the d ipper in to  the  m a te ria l being  eacavatec 
On the r e a r  of the shovel is  the b o i le r .  Large shovels
Locomotive Type Steam Shovel In O peration
employ locomotive type of b o i le r s  and sm all shovels use v e r t i c a l  
tube b o i le r s .  Some shovels a re  e l e c t r i c a l l y  operated and req u ire  
no b o i l e r .
R ailro ad  shovels a re  mounted on standard  gage tru c k s . 
Revolving shovels may e i th e r  be mounted on broad t r a c t io n  wheels 
or on standard  r a i l r o a d  w heels. In the l a t t e r  c a se , theshovel 
moves on sh o rt se c tio n s  of tra c k  which a re  moved from behind the
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shovel and r e la id  in  f ro n t when the shovel i s  moved ahead.
E ith e r  chains or cab les  a re  used fo r  swinging the boom 
and h o is tin g  the d ip p e r. The d ipper i s  u su a lly  equipped w ith man­
ganese s te e l  te e th  to  f a c i l i t a t e  d igg ing . The back of the d ipper i s  
hinged 0j  la tc h e d . The d ipper i s  emptied by tr ip p in g  the la tc h .
On v a rio u s  types of shovels , jack  arms a re  used to  anchor the ma­
ch in e  and hold i t  s teady . These arms p ro je c t  from the s id e  of the 
frame and bear a g a in s t the ground along s id e .
Revolving Steam Shovel And Railway E u ild ing  M iss iss ip p i R iver Levee
Steam shovels in  o rd in a ry  use a re  manufactured w ith  booms 
from 16 to  90 f e e t  long and w ith  d ippers ho ld ing  from $/q to  6 cu­
b ic  yards.
U ses.- Steam shovels have a m ultitude of u ses  wherever 
e a r th  and rock a re  excavated. I t  i s  no t w ith in  the scope of th is  
th e s is  to  d i s c o s  these  uses except as they  may p e r ta in  to  the
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rec la im in g  of overflowed la n d s . In th is  connec tion , steam shovels 
have been found u s e fu l in  excavating  la rg e  can a ls  where the m ater­
i a l  excavated could be loaded in to  dump c a rs  and hauled awajf. For 
the o rd in a ry  s iz ed  c a n a l, however, o the r equipment i s  b e t te r  adapte 
than the steam shovel.
The c h ie f  use of a steam shovel in so fa r  as the rec la im -
i
ing  of waste lands is  concerned is  in  the co n s tru c tio n  of le v ees .
Two i l l u s t r a t io n s  are  shown here of a steam shovel and in d u s t r ia l
Another View Of Steam Shovel And Railway E u ild ing  M iss iss ip p i R iver Levee
ra ilw ay  used to g e th e r in  b u ild in g  a levee along the M iss iss ip p i 
R iv e r. In th is  p a r t ic u la r  in s ta n c e , s u ita b le  m a te ria l fo r  the 
levee could not be secured im m ediately ad jacen t to  the levee on tfcj£ 
r iv e r  s id e . A tra c k  was la id  from a p i t  about a q u a rte r  of a mile
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d is ta n t  and a steam shovel was in s ta l le d  to  excavate the m a te ria l 
fo r  the lev ee . I t  i s  in  such oases as th i s  th a t  the steam shovel 
i s  most u s e fu l in  land rec lam a tio n .
2 ,Dipper Dredge 
a-F loatim g
D e sc r ip tio n .-  Foremost in  importance among a l l  kinds of 
excavatin g  machinery used fo r  rec la im ing  land  from swampy condi­
tio n s  is  the f lo a t in g  d ipper d redge. The d ipper dredge is  in  e f fe c t  
a steam shovel mounted on a f lo a t in g  h u ll  and with the d e ta i l s  mod­
i f i e d  to  s u i t  the change. There a re  two g enera l c la s s e s  of f l o a t i r  
d ip p er dredges: dredges fo r  d rainage and i r r ig a t io n  can a ls  and 
deep w ater dredges fo r  use in  harbors and r iv e r s .  The c h ie f  d i f f e r ­
ence between the two i s  th a t  the  l a t t e r  i s  designed to  d ig  from 25 
to  50 f e e t  below the w ater s u rfa c e . Deep w ater dredges a re  a lso  
b u i l t  w ith  more s u b s ta n t ia l  housings to  provide l iv in g  q u a r te rs  
f o r  the crew on the b o a t. Dredges used fo r  swamp can a ls  o rd in a r i ly  
have only s u f f ic ie n t  housing to  p ro te c t  the  machinery and the crew 
l iv e s  in  a cabin  boat which f lo a t s  along in  the d itc h  behind the 
d redge.
t
Deep w ater dredges empty the excavated m a te r ia l in to  
scows whioh a re  towed away and dumped , The drainage d itc h  machine 
p la c e s  the m a te r ia l in  s p o il  banks along the s id es  of the d i tc h .
Dipper dredges may be f lo a te d  e i th e r  on a wooden h u l l  or 
a s t e e l  one. Wooden h u lls  oannot be moved from job to  job due to 
th e i r  bulk and the expense of te a r in g  to  p ie c e s . Hence a new h u l l  
must be b u i l t  on each new jo b . S te e l h u l ls  a re  s e c tio n a l  and a re
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tra n sp o rte d  from one Job to  the n ex t. They may be used u n t i l  worn 
o u t. P ro p erly  designed s te e l  h u l ls  re q u ire  much le ss  looking a f t e r  
on the work than do wooden h u lls  which must be watched c lo s e ly  to  
stop up the leaks which always occur. The s t e e l  h u ll  a ls o  is  l i g h t ­
er in  w eight than the wooden h u l l  and draws le s s  w ate r. This is  
p a r t ly  o f f s e t  by the g re a te r  s t a b i l i t y  gained by the w eight of the 
wood h u l l .
Peep Water Dipper Dredge
The boom of the d ipper dredge is  hung from an A-frame in  
a manner s im ila r  to  the r a i l ro a d  steam sh o v e l. Booms a re  e i th e r  
so lid  wood tru sse d  w ith s te e l  rods and re in fo rc e d  w ith  s t e e l  p la te s  
or a re  b u i l t  up s te e l  shapes, l a t t i c e d  and tru s se d . The A-frame of 
the d ipper dredge is  su b jec ted  to  very  heavy s t r a in s  and must be 
b u i l t  very s tro n g . The d ipper and d ipper handle a re  s im ila r  to  the 
same p a r ts  of the steam shovel except th a t  the crowding motion i s
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not used on the drainage dredges. Many d ip p ers  have a heavy manga­
nese l i p  in s tead  of te e th .
In excavating , a dredge is  "pinned up" and held  steady  
by means of spuds which may be e i th e r  bank or v e r t i c a l .  Bank spuds 
a re  heavy tim ber members which extend lik e  two legs of a r ig h t  
angled  tr ia n g le  from the side  of the boat near the f ro n t  . The in -
F lo a tin g  Dipper Dredge Digging Drainage Canal
c lin e d  leg  of the tr ia n g le  r e s t s  on a spud fo o t on the bank and 
in c lin e s  inward 4nd upward toward the b o a t. Where the excavation  
i s  too wide to  perm it the spud fo o t r e s t in g  on the bank, v e r t i c a l  
spuds a re  used . These a re  very  la rg e  tim bers which extend v e r t i c a l ­
ly  along the s id e  of the boat a t  the f ro n t and slbde up and down 
in  guides or w e lls .  A re a r  v e r t i c a l  spud is  used in  a l l  cases 
whether the o ther spuds a re  bank or v e r t i c a l .  In  th® d igg ing  p o s i-
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t io n ,  the spuds a re  lowered and p ressu re  exerted  th ru  them u n t i l  
the  w eight of the boat is  la rg e ly  c a r r ie d  d i r e c t ly  on the spuds.
The spuds a re  th e re fo re  a very  im portant p a r t  of the dredge . When 
the loaded dipper swings to  the  s id e  to  d ischarge  i t s  lo ad , very 
heavy s t r a in s  a re  produced in  the spud on the side  to  which the 
d ipper sw ings.
The engines on a  dredge c o n s is t  of h o is t in g , swinging 
and spud en g in es. The f i r s t  h o is t  the d ip p e r , the second swing t h e ; 
boom and d ip p e r, and the th i rd  operate  the spuds. Sometimes the 
spud engines a re  om itted  and the spuds a re  r a is e d  and lowered by 
the  h o is t in g  en g ines.
B o ile rs  used on d regdet a re  e i th e r  locomotive or Scotch 
marine ty p e . Where cond itio n s adverse to  steam d rive  a re  encounter* 
ed , dredges may be e i th e r  o i l  or e l e c t r i c a l l y  o p era ted .
Three methods of a t ta c h in g  the d ip p er to  the boom a re  
in  u s e , the t r i p l e ,  double, and s in g le  h i tc h .  These methods re fe r  
to  the  number of s tran d s  of cab le  used between the p o in t of the 
boom and the d ip p e r . The d iam eter of the w inding drums i s  depend­
en t upon the type of h itc h  u sed .
Dipper dredges a re  made in  a v a r ie ty  of s iz e s  and dimen­
s io n s . The s iz e  of a dredge i s  u su a lly  re fe r re d  to  by g iv in g  the 
boom leng th  and the ra te d  d ip p er c a p a c ity . Eooms a re  made from 20 
to  100 f e e t  long and d ippers from l /2 to  6 cubic yards c a p a c ity  
fo r  o rd in a ry  u s e . Harbor dredges a re  equipped w ith  e x tra  la rge  
d ip pers  ho ld ing  up to  15 cubic yards.
U ses,- Dipper dredges a re  used on drainage work wherever 
i t  i s  d e s ired  to  excavate m a te r ia l which may be p laced  along the 
banks of the excavated channel. This s ta tem en t must be lim ite d
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to the e x ten t th a t  on very  la rg e  channe ls , the amount of m a te r ia l 
to  be removed is  so g re a t th a t  the dredge cannot p lace  the  m a te ria l 
p roperly  on the banks. The l im it in g  s iz e  of channel i s  when the 
sro ss  se o tio n a l a rea  of the d i tc h  becomes g re a te r  than about 1250 
square f e e t .  In the c o n s tru c tio n  of very  la rg e  channe ls , a  heavy 
s p o il  bank is  formed which, in  a l lu v ia l  s o i l s ,  tends to  cave and 
break o ff and s l id e  in to  the excavated d i tc h .  For very  la rg e  chan** 
n e ls ,  then , the p re se n t d ipper dredge i s  no t w ell adapted and o th e r 
types of equipment are  o rd in a r i ly  s e le c te d  f o r  the c o n s tru c tio n  of 
such ch an n e ls .
The maximum s ize  of d itc h  th a t  can be dug w ith  a d ipper 
dredge econom ically i s  one w ith  a c ro ss  s e c tio n a l  a rea  of about 
500 or 600 square f e e t ,  th a t  i s  a d itc h  about 4-0 f e e t  on the bottom
and 10 f e e t  deep. This s iz e  i s  the most economical to  d ig  but the
dredge oan excavate much sm aller and much la rg e r  d itc h e s  cheaper 
than  most of i t s  co m p e tito rs . The minimum s ized  d itc h  th a t  a dredgfe 
can d ig  has a s e c tio n a l a rea  o f from 125 to  150 square f e e t .  I t  i s
q u ite  o ften  cheaper to  d ig  a minimum dredge d itc h  than i t  is  to  d ig
much sm aller d itc h e s  by some e th e r  means, a l th o  the la rg e r  sized  
d itc h  which the dredge must c u t to  perm it the h u l l  to  f lo a t  in  the 
d itc h  is  no t re q u ire d  from a h yd rau lic  eng ineering  s ta n d p o in t.
In  a d d itio n  to  making d itc h e s , the dipper dredge is  very 
u s e fu l in  the c o n s tru c tio n  of le v ees , p a r t i c u la r ly  where the borrow 
p i t  i s  a lso  to  be used fo r  a drainage d i tc h .
Deep w ater dredges a re  of use in  dredging new channels 
in  harbors and in  m ain tain ing  channels in  harbo rs and r iv e r s .  These 
dredges are  a lso  used fo r  c o n s tru c tin g  la rg e  c u to ff  channels in  
b ig  stream s where the excavated m a te ria l can be towed away on scows
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and dumped in  a deep p o rtio n  of the r i v e r .
For excavating  e a rth  in  h eav ily  tim bered la n d s , the f lo a t |-  
ing  d ipper dredge stands alone due in  a g re a t measure to  the enor­
mous s tre n g th  and power which i t  can develop in  hand ling  the huge 
stumps which a re  met w ith ,
Perform ance.- The performance of the drainage d ipper 
dredge i s  dependent on sev e ra l f a c to r s .  Chief among these  is  the 
w ater supply fo r a dredge is  h e lp le s s  so f a r  as running i s  con­
cerned  w ithout a s u f f ic ie n t  supply of w ater to  f lo a t  the  b o a t. 
During the dry season when the ground w ater ta b le  i s  low, dredges 
a re  fo rced  to  l i e  id le  fo r  months u n t i l  r a in s  come and f i l l  up 
the coun try  ag a in  and pu t w ater in  the d i tc h e s . These fo rced  shut 
downs a f f e c t  g re a t ly  the p rog ress of the work. On many c o n tra c ts , 
dams a re  in s ta l le d  in  the d itc h e s  to  hold  up the w ater le v e l .  I t  
i s  q u ite  o ften  more economical to  i n s t a l l  pumps and p rov ide su f­
f i c i e n t  w ater fo r opera tio n  by th is  means than to  shu t down and 
s u f fe r  the lo ss  of se v e ra l id le  weeks.
Break downs and re p a ir s  a ls o  p lay  an im portant p a r t  in  
de lay in g  the fu rth e ran ce  of the work. As in  every p u r s u i t ,  man­
agement is  a fa c to r  th a t  can g re a tly  in flu en ce  the success of op­
e ra t io n s  . In dredge work e s p e c ia l ly  is  th i s  tru e  fo r  the work 
is  u s u a lly  performed under d i f f i c u l t  co n d itio n s  and under the han­
dicap of being out in  the swamps and removed from h a b i ta t io n s .  To 
keep the dredge in  r e p a ir  and in  good running order re q u ire s  the 
e x h ib itio n  of no l i t t l e  s k i l l  of management and many poor records 
have been made because of the f a c t  th a t  the su p erin ten d en t was 
laok ing  in  the q u a l i t i e s  n ecessa ry  fo r  a good manager.
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.As*
On the pages im m ediately fo llow ing  are  a c o l le c t io n  of 
the p ro g ress  reco rds of a  co n sid e rab le  number of dredges of v ariou s 
s iz e s  and makes. The lead ing  fa c ts  concern ing  the co n d itio n s  un­
der which these  reco rds were made a re  s e t  fo r th  in  the accompanying 
t a b le «
In  p lann ing  a d rainage system, the engineer i s  c a l le d  
upon to  determ ine what ra te  of p rog ress s h a l l  be req u ire d  on the 
v a rio u s  p a r ts  of the work. The b e s t method in  handling  th i s  m atter 
i s  to  sp ec ify  a r a te  of 25*000 or 30,000 cubic yards per month 
s h a l l  be req u ired  fo r d itc h e s  from 10 to  20 f e e t  wide on the bottom 
and then to  in c rease  the r a te  up to  about 80,000 cubic yards per 
month fo r  the la rg e s t  s ized  channe ls . The s p e c if ic a t io n s  should 
a ls o  provide fo r ex tensions of time due to  co n d itio n s  over which 
the c o n tra c to r  has no o o n tro l such as lack of s u f f ic ie n t  w ater to  
o p e ra te . Under the  most favo rab le  c o n d itio n s , the above named r a te s  
may be co n sid e rab ly  exceeded. For example, i t  w i l l  be noted th a t  
on p ro g re ss  Record Number 23 the  machine du ring  one month moved 
over 150,000 cubic yards of e a r th .  T his, however, was an excep­
t io n a l  month and a l l  the co n d itio n s  f i t t e d  in  to  make the high 
run p o s s ib le .  The e f f e c t  of good superin tendence is  e s p e c ia lly  
prom inent in  th i s  re c o rd . No such high r a te  could be m aintained 
th ru p u t a job and i t  i s  much f a i r e r  and b e t te r  to  sp ec ify  a r a te  
th a t  can be m aintained under average working co n d itio n s  and w ith  
average superin tendence than to  req u ire  a r a te  which cannot be 
kept up under average co n d itio n s  and which w i l l  cause end less 
argum ents and d isp u te s  w ith the c o n tra c to r  i f  he f a l l s  behind the 
s p e c if ie d  r a t e .
36
T A B L E  OF  I N F O R M A T I O N
»
T O A C C O M P A N Y
D I P P E R  D R E D G E  P R O G R E S S  R E C O R D S
P ro g ress: • T o tal Excavation:Dimensions of WorkRecord : Location of Work • P aid  For f  Bottom $ Average _ No. : : . Width : DepthT— C u T W
636,000364.000438.000 209 ,000
366.000
862,000355.000 94,000
221.000480.000
701.000 165.000258.000342.0001.397.000
681.000420.0001 .075.000732.000342.000
435.000478.0002.843.000985.000
2.132.000
865,000
100,0001,822,0001 , 268 ,000
1
2
l
67
8910
11
12
l i15
161718
1920
21
22
l l25
26
2728 29
C en tra l Arkansas C en tra l Arkansas West Tennessee West Tennessee West Tennessee
West Tennessee C en tra l M iss. C en tra l M iss. C en tra l M iss. C en tra l M iss.
C en tra l M iss, C en tra l M iss, C en tra l M iss. C en tra l M iss, C en tra l M iss,
C en tra l M iss, C en tra l M iss, E aste rn  Arkansas E astern  Arkansas E astern  Arkansas
E aste rnE asternE asternE asternE astern
ArkansasArkansasArkansasArkansasArkansas
E aste rn  Arkansas E astern  Arkansas Eastern  Arkansas Eastern  Arkansas
TTT
12 -  16 8.5
12 8.0
14  -  20 8.0
14 5 .5  -  8 .5
25 1 6 ,5
14  -  16 6,0  ** 9*0
14  « 28 4 .5  -  13.0
14 8,5l 4 6,0 — 9*0
l 4 8,5 - 11,0
70 1 0 .5  - 1 4 .0
OCMirH 2 .0  -  10,5
14 2 , 0 — 8,5
1 4  -  22 4 .0  -  11.2
l 4  -  20 8 . 5
14 8 . 5
14  -  2 4 8.5 -=11,2
14 8.5
2 4 - 4 0 1 6 .8  -  13.2
14 8 .5
14  -  30 7 .9  -  1 4 .6
14  — 28 3,0 -  10.0
14 8 .5 -  9.0
1*0 - 5 0 12.0  -  1 4 .3
14  -  22 8 .5  -  11.6
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Costs*— The amount of m a te r ia l to be moved by one ma­
chine is  one of the c h ie f  fa c to rs  e n te r in g  in to  the c o s t  of dredge 
o p e ra tio n . The i n i t i a l  c o s t of in s ta l l i n g  a d ipper dredge on any 
job is  q u ite  high and u n le ss  a c o n tra c t co n ta in s  a t  l e a s t  350,000 
or more cubic yards, the c o s t per yard fo r  i n s ta l l a t io n  w i l l  be 
la rg e  and the to t a l  p r ic e  per yard w i l l  n e c e s s a r ily  be h igher than 
would be the case on a la rg e r  c o n tra c t .  The s iz e  of channels which 
lik ew ise  determ ines the s iz e  of machine to  be used is  an in fluence  
on the c o s t .  The grade lin e  of a channel p lays a p a r t  a lso  fo r  i f  
the work i s  dug u p h i l l  or upstream  as is  q u ite  o ften  the c a se , 
s teep  grades re q u ire  many dams to  hold  up the w ater le v e l  so the 
boat can operate  and such dams, a lth o  tem porary, a re  expensive and 
troublesom e. Local cond itio n s reg ard in g  a v a i l a b i l i t y  of fu e l  sup­
p ly  may cause varian ce  in  the c o s t of s im ila r  work in  d i f f e r e n t  
l o c a l i t i e s .  Superintendence p lay s  a v i t a l  p a r t  in  the a c tu a l  c o s t 
to  the c o n tra c to r  and in d i r e c t ly  to  the p a r t i e s  c o n tra c tin g  the 
work to  be done fo r  c o n tra c to rs  w ith  the b e s t su p erin tenden ts  
can do work most e f f i c i e n t ly  and hence a t  le s s  c o s t .
During the years im m ediately p reced ing  the European War 
the c o s t of d ipper dredge work v a rie d  between about 5 and 10 cen ts  
w ith  a genera l average p r ic e  somewhere c lo se  to  8 c en ts  p re v a i l in g . 
These p r ic e s  are  fo r  work in  f l a t  wooded coun try  and work in  h i l l  
v a l le y s  c o s t a few cen ts  more on the average .
The ta b le  on the next page gives the co s ts  of a la rge  
volumeof d ipper dredge excavation  performed or now under c o n tra c t 
in  the South.
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C O S T  OF
d r a i n a g e  e x c a v a t i o n  i n  s o u t h
BY D I P P E R  D R E D G E S
J^e lo c a tio n  of the work, s iz e  of c o n tra c t ,  and dimensions of the d itch es  excavated may he found by r e f e r r in g  to  the Table Of In form ation  To Acoompany Dipper Dredge P rogress R ecords, For con­venience of re fe re n c e , the P rogress RecordwNo, is  here given.
P rog ress : C ontract P rice •Record !P er Cubic Yard J Remarks
N O . • —Cents— ••
1 7.85
2 7.853 7 M? M5 10.00 Work c o n s is te d  of b u ild in g  levees .P repa-r a t io n  of levee base included in  p r ic e .
6 10.00  and 9*9 ft  ft  ft  t t f f t f  t r  t t7 8 .5
8 8 .59 1 0 .0 Depth of d itc h  caused high c o s t .
10 8 . §
1 1 8 .5
12 8 .513 8 .5
lfc 8 .515 9 .5 Cost high due to  la rg e  s ize  of channel.
16 8 .517 8 .518 7.919 . 7.9
20 7.9
2 1 6.99
22 9.0
5 .9 3  and 5 .7  
8 .0
Low c o s ts  due to  la rg e  yardage.
25 6.35 Low c o s t due to  la rg e  yardage.
26 7.^527 1 1 .2 5 High c o s t due tc  sm all yardage.28 6.3 Low c o s t due to  la rg e  yardage.29 7.0 Low c o s t due to  la rg e  yardage.
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2 .Dipper Dredge 
b-Land
D e sc rip tio n .-  The land  dregge is  e s s e n t ia l ly  a sm all 
d ipper dredge ,th e  machinery being  mounted on a s t r u c tu r a l  s te e l  
frame which s tra d d le s  a d itc h  upon which excavation  i s  being done. 
The frame is  f i t t e d  w ith  f ro n t and re a r  a x le s  upon which a re  wheels 
which move along the bank of the d i tc h .  The booms of these  dredges 
a re  s t e e l  l a t t i c e d  channels . The d ippers a re  made of s t e e l  • Power 
i s  fu rn ish ed  by o i l  burning engines o rd in a r i ly  of 25 Or 30 horse­
power*
Dry Land Dredge In O peration
Land dredges a re  made w ith  d ippers from 1/2 to  I f  cubic 
yards cap a c ity  and w ith booms up to  50 f e e t  in  le n g th . The span of 
the  machine v a r ie s  from 14- to  50 f e e t  so th a t  these land dredges 
can d ig  in  d itc h e s  w ith top w idths from 10 to  5^ f e e t .  Equipped
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w ith  a long dipper handle and boomjdepths of 12 to  15 f e e t  can he 
reached  a lth o  such depths a re  not the economical ones fo r  the ma­
ch in e .
The $rack upon which runs the wheels supporting  the 
frame and machinery is  made up of sh o rt s e c tio n s  of te e  r a i l  which 
sure s h if te d  as ie q y ire d  to  keep a track  in  f ro n t of the  dredge. 
Some machines have c a t e r p i l l a r  t r a c t io n  motion in s te a d  of wheels 
and tra c k .
The land dredge is  designed so th a t  i t  can he r e a d i ly  
d ism antled  and moved from p lace  to  p lace w ithou t g rea t d if f ic u l ty #  
expense# or lo ss  of tim e. One of these  excavators can he taken 
down# hauled se v e ra l m iles , and s e t  up ag a in  in  a w eek's tim e.
U ses.— Land dredges a re  used fo r d igging sm all d itch es  
up po4-0 or 5^ f e e t  wide on top and a re  employed to  a lim ited  ex­
te n t  in  throwing up levees and d ik e s . In open country  w ith few 
stum ps, the land dredge i s  a t  i t s  b e s t .  I t  can in  no sense he th o t 
of as  a com petitor of the f lo a t in g  dredge fo r  i t  lacks the tremen­
dous power of up ro o tin g  heavy stumps th a t  the l a t t e r  p o sse sse s .
For work com prising se v e ra l d isconnected  d itc h e s ,th e  land dredge 
i s  w ell adapted since i t  i s  r e a d i ly  moved from d itch  to  d i tc h .
There a re  many p r a c t ic a l  d i f f i c u l t i e s  which occur in  the 
o p e ra tio n  of a land dredge. Unless the ground is  very  f irm ,tro u b le  
i s  l ik e ly  to  r e s u l t  from caving  of the d itc h  hanks caused by the 
w eight of the mafehine. The trac k  upon which the dredge runs o ffe rs  
o th e r o b je c tio n s . In  the f i r s t  p la c e , the ground must be f a i r l y  
le v e l  and smooth fo r  the track  t*  la id  upon. When the berms of
the d itc h  become so ftened  and muddy, i t  i s  d i f f i c u l t  to  handle the
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tra c k  . The track  s inks in  the mud from the w eight of the machine 
and sometimes jacks a re  req u ired  to  pry the trac k  out of the mud. 
Where c a t e r p i l l a r  t r a c t io n  i s  used , these  tra c k  tro u b le s  a re  a- 
v o ided .
Performance and C o s ts .-  On the fo llow ing  page w i l l  be 
found a  ta b le  showing the in fo rm ation  r e la t iv e  to  the opera tio n  
of the  two lead ing  makes of land dredges* Examination of the d a ta  
in  th i s  ta b le  shows th a t  from 5000 to  15*000 cubic yards of mater­
i a l  can be excavated in  a month by a land dredge. The u n i t  co sts  
g iven , i t  must be remembered, a re  fo r  the p e rio d  p r io r  to  the 
European War and fo r  p re sen t co n d itio n s  would co s t a t  l e a s t  25 
per cen t more.
3 .Walking Dredge
D e sc r ip tio n .-  The w alking dredge, l ik e  the land dredge, 
is  a machine which s tra d d le s  the  d i tc h .  The d is t in g u is h in g  fe a tu re  
of th i s  type of dredge is  i t s  method of locom otion. The frame of 
the  machine is  co n s tru c ted  of la rg e  s ized  wooden members. On each 
co rn er of the fr&me is  a tim ber fo o t b u i l t  up to  a width of about
6 f e e t  and a leng th  of about 8 f e e t .  In the c en te r  of each side
i s  an o th er fo o t s im ila r  to  the corner f e e t  b u t n ea rly  tw ice as long 
The d e ta i l s  of the dredge a re  so arranged th a t  the machine r a is e s  
i t s e l f  from the corner f e e t  and the w eight is  b ro t to  bear on the
c e n te r  f e e t .  The whole machine then s l id e s  forward about 6 f e e t  ,
the c e n te r  f e e t  rem aining s ta t io n a ry .  The corner f^ e t  a re  then 
low ered, the c e n te r  f e e t  a re  r a i s e d ,  and p u lle d  forward again
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P E R F O R M A N C E  A N D  C O S T S
0 F
L A N D  D I P P E R  D R E D G E S
No,; Location Size : Con- : ?of ? t r a c t  : Dimensions of Work:Ca p a c ity  C on tract*P rice  ? Bottom ? Average ?; p e r  t W idth?? Cut ?iCu.Yd.? ? ?
S o il
Cu.Yds. Cents F t . F t . Cu.Yds.
1 Ind iana 5^*000 22 3 -  ^ 8 .5 250 to  if50 Clay andper 10 h r 9. hardpan
2 Indiana 25,000 12 6 - 8 6.5 Hardpan andloam
3 Indiana if5»000 20 3 10.0 Hardpan andgravel
if Michigan 31,000 5.3
5 F lo rid a  if2,000 22 5 -  30 3 .5 7,500 p e r R ock ,clay ,month sand,muck
6 Louisiana71»000 I tk 6 -  l*f 5.0 5.000 to  Red gumbc10.000 permonth
7 Ohio 35*000 20 3 -  if 8.0 15,000 p er Clay month8 Michigan 15 20 6.0 700 per Hard day c la y
9 Michigan if -  8 5 - 9 500 to  900 Loam and per day c lay
1C Minnesota to  6 6 7.0 1,200 per Muskeg,cla(a c tu a l day in  two ro o ts ,c o s t) s h if te  stumps
NOTE,- Nos, 1 toi If in c lu s iv e  a re fo r  Wickes B ros, dry  landdredges. Nos. 5 to 10 in c lu s iv e  a re fo r  Bay C ity  landd redges.
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ready  fo r  ano ther move.
The boom i s  in  two s e c tio n s , an upper afad a low er. The 
upper se c tio n  is  hung from an A-frame in  much the same manner as tine 
boom of a d ipper dredge, and m aintains a f ix ed  angle w ith  the hor­
iz o n ta l  du ring  o p e ra tio n . The lower se c tio n  is  p ivo ted  to  move in  a 
v e r t i c a l  p lan e , the upper s e c tio n  being a ls o  in  the same p la n e . The 
lower s e c tio n  is  ra is e d  and lowered by a cab le  passing  over the
Walking Dredge Excavating Drainage Canal
p o in t of the upper se c tio n . The d ip p e r, which c lo se ly  resem bles 
a sc rap er pan, is  a tta c h e d  to  a handle which p iv o ts  about i t s  cen­
te r  from Jrhe extreme ou ter end of the lower s e c tio n . The process 
of excavation  c o n s is ts  in  low ering the lower sec tio n  of the boom 
u n t i l  the dipper is  in  the d igg ing  p o s i t io n .  The top end of the 
d ip p er handle is  then p u lled  back which fo rces  the d ipper forward 
and in to  the m a te r ia l. When the d ipper is  loaded , the lower se c tio n  
of boom is  ra is e d ,  the e n t ire  boom is  swung to  the s id e , and the
13
bucket dumped.
The b o ile r  and engines of the w alking dredge a re  sim­
i l a r  to  the equipment used on f lo a t e r s ,  m od ifica tion  being  made 
to  the ex tan t necessary  to  provide the power fo r  moving the dredge 
O il engines have been used on these  dredges where co a l was d i f f i ­
c u l t  and c o s tly  to  o b ta in .
The w alking dredge was invented  by a man named Cross 
and ±t is  commonly known as the Cross machine.
U se,- The p r in c ip a l  use of w alking dredges l i e s  in  con­
s t ru c t in g  sm all s iz ed  d itch es  and embankments. In la rg e  drainage 
d i s t r i c t s ,  the upper ends of the  l a t e r  d itc h e s  need no t be n e a rly  
so la rg e  as the minimum sized  f lo a t in g  dredge d itc h  b u t in  many 
cases i t  has been found cheaper to  c o n s tru c t the oversized  d itc h e s  
w ith  a f lo a te r  than to  d ig  sm alle r d itch es  by o ther means. The 
w alking dredge i s  w ell adapted to  c o n s tru c tin g  such upper ends of 
l a t e r a l s  and s ince  i t  can d ig  a much sm alle r d itc h  than the f lo a t ­
ing  machine, and since the s iz e  of d itc h  i t  can d ig  i s  ample to  
p rovide d ra in age , the walker can do the work as cheap p e r mile 
as the f lo a te r .
The w alking device makes i t  p o ss ib le  fo r the dredge to  
move i t s e l f  acro ss  coun try  under i t s  own power w ithout d ism an tling  
Thus when the upper end of one l a t e r a l  of a la rg e  d rainage d is ­
t r i c t  is  com pleted, the walker moves overland to  the next d itc h . 
The Cross machine is  never delayed by lack of w ater. In  
f a c t ,  a  d ry  d itc h  is  p re fe r re d  fo r th is  makes firm er banks and 
enab les the opera to r to  see h is  work. With a l l  of the d itc h  in  
view i t  is  much e a s ie r  to  d ig  a good d itc h  than i t  is  w ith  a 
f lo a t in g  dredge where p r a c t ic a l ly  a l l  the excavation  is  performed
under w a te r.
The w alker i s  a t  a  decided d isadvantage in  hand ling  
la rg e  stumps and the path  of the d itc h  must be c le a re d  th o ro ly  
by b la s t in g  in  advance of the excavation . This is  an im portant 
item  in  the co s t of excavation  by w alking d red g es .in  the h eav ily  
tim bered reg ions of the South.
Perform ance.- Under good working c o n d itio n s , a Cross 
machine can be r e l i e d  upon to  excavate from 30*000 to  50*000 cubic 
yards o f e a rth  per mpnth.
C o s ts .-  The c o s t of excavation  by w alking dredges i s  p e r­
haps 20 per cen t h igher than by d ipper d redges. As p rev io u s ly  ex­
p la in e d , however, the upper ends of l a t e r a l  d itch es  may be exca­
vated  as cheaply  or cheaper by the walker as by the f lo a t e r  be­
cause the former need only excavate a d itc h  of s u f f ic ie n t  s iz e  to  
a f fo rd  good drainage whereas the l a t t e r  would have to  d ig  an over­
ly  la rg e  d itc h .
Drag Boat
D e sc r ip tio n ,-  The d rag  boat or "King’ s D itcher" c o n s is ts  
of a tra p e z o id a l h u l l  the bottom of which r e s t s  on the bottom of 
the d itc h  and the s id es  of which p a r a l l e l  or are  in  c o n ta c t w ith 
the s id e s  of the ex cavatio n , On the h u l l  i s  p laced  the machinery 
which i s  s im ila r  in  c h a ra c te r  to  th a t  used on the d ipper dredge.
In  moving, the h u l l  i s  dragged forward by means of a cab le  and 
dead men s e t  ahead of the d ig g in g . These machines a re  made in  
sm all s iz e s  only fo r  la rg e  machines would be too heavy to  drag  a - 
long the d i tc h .  The boom leng ths range from 25 to  30 f e e t  and the 
d ipper c a p a c it ie s  from £ to  |  cubic yards.
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U ses.- The "King*& Di>tchern is  adapted  to  excavating  
em ail s iz ed  d itch es  w ith ^ to 6 f e e t  w idth of bottom . I t  has been 
su c c e ss fu l in  m a te r ia l th a t  would stand  w ithou t caving and wedging 
the bottom  of the machine, A ltho designed p rim a rily  fo r  dry exca­
v a t io n , the drag boat can be used in  se v e ra l f e e t  of w a te r.
Performance,® The m anufacturers guarantee a c a p a c ity  of 
from 300 to  600 cubic yards p e r day fo r  a i* yard bdcket and about 
a th i r d  le s s  fo r a £ yard bucket.
B.-SUSPENDED CABLE MACHINES 
l.D rag  Line
a-Mounted on T racks, R o lle rs , or Wheels 
D e sc r ip tio n ,-  The d rag  l in e  excavato r is  in  many ways 
the most h ig h ly  developed type of equipment in  use fo r  d itc h  ex­
c a v a tio n , The o rd in a ry  drag l in e  machine has two p la tfo rm s b u i l t  
up of s t r u c tu r a l  s te e l  shapes. The lower p la tfo rm  is  s ta t io n a ry  
and i s  mounted e i th e r  on wide t r a c t io n  w heels, sk ids and r o l l e r s  
or on ca r wheels or sw iveling  tru c k s .
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The t r a c t io n  wheels and sk ids and r o l l e r s  run on plank- 
.waya la id  along in  f ro n t of the machine. Car wheels or tru ck s tra v ­
e l  on a  moveable tra c k  made up of sh o rt eeo tions of r a i l r o a d  r a i l s .
The upper p la tfo rm  which c a r r ie s  a l l  the machinery is  
mounted on heavy o a s t s te e l  wheels whioh ro ta te  on a heavy r a i l  
c i r c l e  r iv e te d  to  the lower p la tfo rm . The boom c o n s is ts  of two 
l a t t i c e d  s te e l  g ird e rs  spread a t  the bottom to  about th ree  fo u rth s  
of the w idth of the upper p la tfo rm  and converging to g e th e r  a t  the 
upper end. The boom is  hdng from a s te e l  A-frame a tta c h e d  tp  the 
upper p la tfo rm .
Drag Line Excavator
From the p o in t of the boom the bucket is  suspended by 
cab le s  passin g  over a p u lley  on the end of the boom. The c h ie f  
d is t in g u is h in g  fe a tu re  which sep a ra te s  the drag  lin e  from the
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d ip p e r dredge is  th a t  the bucket hangs from the boom On a cab le  
b u t has no handle a tta ch ed  to  i t . I n s t e a d ,  a drag l in e  p asses  from 
the bucket to  the engines over a p u lle y  a t  the fo o t of the boom 
and i t  i s  by low ering the bucket in to  the m a te ria l in  a d igging  
p o s it io n  and then p u ll in g  on the drag l in e  th a t  the excavator does 
i t s  work.
Drag l in e s  may be e i th e r  steam , gaso line  or e l e c t r i c a l
Drag Line Excavators Digging Large Canal
d r iv e .  A main engine is  req u ired  to  c o n tro l  the bucket and a 
sw inging engine is  n ecessary  to  ro ta te  the machine. Where steam 
power is  u sed , locomotive type of b o i le r s  a re  used fo r  the most 
p a r t .
In  o pera tio n  the bucket i s  f i l l e d  in  the manner des­
c rib e d  above. The bucket must be heavy enough so th a t i t  w il l  d ig  
when the drag  lin e  i s  p u lled  t a u t .  A fter the bucket i s  f i l l e d , t h e
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sw inging engines s t a r t  revo lv ing  the whole machine and the main 
engines a t  the same time r a is e  the bucket and p u ll  i t  out towards 
the  end of the boom. When the bucket i s  a t  the r ig h t  p o in t ,  i t  i s  
t r ip p e d , the swinging engine re v e rse d , and the whole p rocess re ­
p e a te d . The machine may e i th e r  follow  down the c e n te r l in e  of the 
ex cav a tio n  backing away from the completed work or may tr a v e l  
down one s id e  of the channel. The f i r s t  method is  fo llow ed in  
sm all d i tc h e s ,  the second in  la rg e  channels in  which case  i t  i s  
no t uncommon fo r the machine to  tra v e l  down one side  and back the 
o th e r ,
Small Drag Line Machine Digging P la n ta tio n  D itch
Drag l in e  machines a re  made w ith  booms from 40 to  150 
f e e t  long and w ith buckete h o ld in g  from 1 to  5 cubic y ard s . Only 
a com paratively  few machines have been manufactured w ith  booms 
over 100 f e e t  long .
U ses.- The drag  lin e  machine is  p a r t i c u la r ly  f i t t e d  by 
i t s  wide rad iu s of a c tio n  to  the excavation  of very  la rg e  channels
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which cannot he dug w ith  f lo a t in g  d ipper d redges. The c o s t Of d rag  
l in e  work is  h igher than d ipper dredge work and fo r  th i s  reason 
i t  i s  more economical to  d ig  a l l  d itch es  th a t  can be so co n stru c ted  
w ith  the l a t t e r  type of machine. On p a r t i c u la r ly  la rg e  d itch es  or 
in  making high embankments which are  beyond the l im it  of dredge 
o p e ra tio n , the drag  l in e  f in d s  i t s  b es t f i e l d . i n  drainage work.
In  d igg ing  channels w ith  a drag l i n e ,  the slopes of the 
s id es  can be cu t alm ost e x a c tly  to  any d e s ire d  slopes which is  a 
th in g  u n a tta in a b le  w ith  the d ipper dredge. Wider berms may be l e f t  
by a d rag  l in e  than  by a dredge of the f lo a t in g  kind because of 
the method of o p era tio n  and because of the long booms c a r r ie d  by 
d rag  lime machines.
Perform ance,« Drag l in e  excavators can d ig  under w ater 
b u t do no t re q u ire  w ater so th a t  no delays a re  experienced due to  
lack of w a te r. Breakdowns, r e p a i r s ,  and management a re  the p r in ­
c ip a l  fa c to rs  in  the p rogress of drag l in e  work under a given s e t  
of n a tu ra l  c o n d itio n s .
On the next few pages a re  some p rog ress reco rds fo r  ac­
tu a l  o p era tio n s of drag  l i n e s . The accompanying ta b le  exp la in s  the 
most im portant of the co n d itio n s  surrounding the work. I t  w il l  be 
noted th a t  these reco rds a re  more uniform  than the reco rds of f l o a t ■ 
in g  dredge p ro g re ss . Drag l in e  work u s u a lly  a t t r a c t s  a h ig h er c la s s  
of men than dredge work which is  done by a much lower grade of men.
In  sp ec ify in g  drag  l in e  p ro g re ss , the co n d itio n s  of the 
work must be co n sid e red . The r a te  should be le s s  in  p ro p o rtio n  to  
the bucket c a p a c ity  and boom len g th  than fo r  dredge work, A ra te  
from 20,000 to  ^0,000 cubic yards per month is  o rd in a r i ly  a re a s ­
onable one to  r e q u ire .
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T A B L E  OF  
T 0
D R A G  L I N E
I N F O R M A T I O N
A C O M P A N Y
P R O G R E S S  R E C O R D S
p rogress:Record : Location No. *
: T o ta l Excavation: of Work: P aid  For : 
; ;
Dimensions of Work Bottom : Average Width : DepthCut o Yds« YT.----- F t .
i C en tra l M iss, 4-11,000 80 -  120 17.0
2 C en tra l Mi3s. 716,000 80 -  120 17.0
3 E astern Arkansas 4-98,000 38 -  44 13.0
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C o sts»— An accu ra te  record  was kep t of the c o s t of op­
e ra t io n  of two d ra g lin e s  in  the Bogue P h a lia  Drainage D is t r ic t  of 
Washington County, M is s is s ip p i. On the next succeding pages a re  
c o s t c h a r ts  showing how the c o s t of the work v a ried  over the p er­
iod of o p era tion  and a ls o  showing the average co s ts  du ring  and a t
%
the end of the work. The machine noted as the la rge  machine had a 
toom 100 f e e t  long and c a r r ie d  a ^ yard bu ck e t. The sm all machine 
had an 80 fo o t boom and a 3 yard b u c k e t . l t  must be borne in  mind 
th a t  the c o s t shown are  fo r  o p era tio n  only and include no overhead, 
d e p re c ia tio n , or s im ila r  item s.
A few years ago in  the days befo re  the European War, drag  
l in e  p r ic e s  in  genera l ranged from 12 to  20 cen ts  per yard . At th is  
w r it in g  p r ic e s  have r is e n  a t  l e a s t  a fo u rth  g re a te r .
l.D rag  Line 
b-W alking
D escrip tio n  and U ses,- The w alking drag  l in e  excavator 
i s  d i f f e r e n t  from o th e r drag l in e s  in  th a t  i t  is  equipped w ith a 
a t r a c t io n  device which allow s i t  to  walk in  any d i r e c t io n .  This 
ren d ers  the machine very  p o rta b le  which i s  a p o in t of co nside rab le  
advantage fo r the machine can walk from one d itc h  to  ano ther where 
the d itc h e s  are  no t too w idely sep a ra ted . A walking machine can 
o ften tim es be e re c te d  a t  a  r a i l r o a d  s ta t io n  and walked to  the p o in t 
of beg inn ing  work thus saving tim e, expense, and tro u b le  in  hau l-
t
ing the p a r ts  and assem bling the machine a t  the s i t e  of the work.
A r a te  of about 25 or 30 f e e t  per minute is  the o rd in a ry  pace fo r  
th i s  type of machine.


87
l.D rag  Line 
c-Guided Bucket
D e sc r ip tio n .-  The guided "boom drag  l in e  excavator is  
unique in  th a t  in  a d d itio n  to  the  re g u la r  boom used by o ther drag 
l in e  machines, i t  has a guide boom which works in  a fa sh io n  sim i­
l a r  to  the lower s e c tio n  of the boom of the walking d redge. The 
drag  l in e  boom, however, is  no t s t r a ig h t  bu t curved. In  a n e u tra l  
p o s i t io n ,  the guide boom extends h o r iz o n ta l ly  from the p iv o t a t
Guided Bucket Drag Line Excavator
the fo o t of the main boom fo r about th ree  q u a rte rs  of i t s  le n g th . 
I t  then bends on a sharp ra d iu s  to  the shape of a cune with the 
upper end v e r t i c a l  and d i r e c t ly  under the p o in t of the main boom. 
The o u te r  end of the guide boom is  hung from the main boom by a 
o e b le . Along the under side of the guide boom, the d rag  bucket 
r id e s .  The main advantage in  u s in g  the guided bucket is  th a t  the
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bucket i s  under c o n tro l  and cannot r o l l  over in  hard m a te r ia l or 
r id e  over hard  spots* and can be guided to  c u t almost any slope 
d e s ir e d .
The rem aining p a r ts  of th i s  type of machine d i f f e r  but 
s l i g h t ly  from the o rd in a ry  drag  l i n e .  These machines a re  made w iti 
booms from 25 to  50 f e e t  long and w ith buckets from 1 1/3 to  2 
cubic yards in  c a p a c ity .
U ses.- The guided boom machine i s  u se fu l on moderate 
s iz ed  d itc h e s  and lefcees and in  c lean in g  out o ld  d i tc h e s .  I t  i s  
a lso  employed in  trench  work fo r  sewers and t i l e .  With s k i l l f u l  
operation*  the u su a l type of drag  l in e  bucket can be c o n tro lle d  
to  an ex ten t so th a t  the d i f f i c u l t i e s  fo r  which the guide boom is  
a remedy a re  of l i t t l e  im portance. The added motions n ecessary  
in  o p e ra tin g  the guided bucket a re  sca rce ly  worth w hile in  o rd i­
nary  work and i t  seems probable th a t  because of i t s  com plexity 
w ithou t the gain of any im portant advantage* the guided boom drag 
l in e  machine w i l l  newer come in to  ex tensive  use ,
l.D rag  Line 
d -T rac to r
D e sc r ip tio n ,-  The t r a c to r  drag l in e  is  a com bination of 
an o i l  or steam tr a o to r  with a drag l in e  fram e. In the  lead ing  
o i l  t r a c to r  ty p e , the f ro n t wheels and ax le  of the t r a c to r  are  re ­
moved and the f ro n t  end of the tra o to r  id  p laced  on c ro ss  members 
of the deck frame of the drag l in e  m achinery. The f ro n t  end of the 
deok frame is  c a r r ie d  on a heavy ax le  and two wide tre a d  w heels. 
Side beams extend back to  connect by means of an ex tension  hub
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b o lte d  to  the re a r  and d riv in g  wheels of the t r a c to r .  The boom is  
of l a t t i c e d  s te e l  channel c o n s tru c tio n  and moves around a swinge­
in g  c i r c l e  s e t  d i r e c t ly  over the f ro n t  a x le .  The boom is  slung  on 
a m u ltip le  p a r t  l in e  from an A—frame arrangem ent a tta c h e d  to  the 
deck, A drag bucket shod w ith a heavy mahganese s te e l  c u t t in g  l i p  
and having a s e r ra te d  c u t t in g  edge is  u sed . The bucket o ap ac ity  
is  o rd in a r i ly  1^ oubic yards. Power i s  tra n sm itte d  from the t r a c to r
Two Views Of O il T racto r Drag Line Excavator At Work
crank s h a f t  to  the d itc h e r  machinery th ru  a r o l l e r  l in k  transm is­
s io n  ch a in . One or two men a re  s u f f ic ie n t  to  operate  the machine. 
When wet co n d itio n s  a re  encountered , a  towing r i g  i s  made use o f .
The s)eam t r a c t io n  shovel i s  s l ig h t ly  d i f f e r e n t  in  de­
t a i l ,  The d igging  o u t f i t  i s  coupled to  the engine drawbar of a reg ­
u la r  undermounted t r a c t io n  eng ine . Cables extend from the A-frame 
to  the f ro n t  end of the b o i le r  to  a c t  as guys and b ra c e s . The d ig -
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ging machinery i s  p laced  on a framework of I-beams independent of 
the t r a c t io n  engine and is  mounted on two 36 inch wide tre a d  wheels 
When moving from p lace  to  p la c e , a  th i rd  wheel is  a tta c h e d  so th a t  
the d igg ing  machinery r e s t s  s o le ly  on i t s  own wheels a t  th a t  time 
and makes t r a v e l  e a s ie r  and s a f e r .  A s t e e l  boom is  used about 40 
f e e t  long and c a rry in g  a  bucket ho ld ing  e i th e r  f  or 1 cubic yard .
U ses.- The t r a c t io n  type of drag  l in e  may be used fo r a 
v a r ie ty  of d itc h  work and has a ls o  been used on levee c o n s tru c tio n . 
The machine is  designed p r in c ip a l ly  fo r  l a t e r a l  d itch es  in  la rge  
d rainage systems made up of moderate s ized  d itch es  where the m ile­
age i s  la rg e  in  comparison to  the  yardage invo lved . The machine i s  
p o r ta b le  and is  re a d i ly  moved from job to  job under i t s  own power.
A fe a tu re  of th i s  machine on g enera l work is  th a t  the t r a c to r  may 
be disengaged from the d igging  appara tus and used fo r  h au lin g  or 
o th e r work.
Performance and C o sts .*  An o i l  t r a c to r  excavator was em­
ployed on the Orton Levee D i s t r i c t ,  Ashdown, A rkansas, in  en larg ­
in g  o ld  levees and making new ones. The machine operated  on wheels 
du ring  d ry  w eather and on sk id s  w ith  the towing r i g  du rin g  the wet 
season . The average output was about 800 cubic yards p e r 10 hour 
s h i f t .  The work was done in  tim ber and moderate s ized  stumps were 
handled w ithout s p e c ia l d i f f i c u l t y .
At G lidden,low a, an o i l  t r a c to r  was su c c e s s fu lly  used in  
s tra ig h te n in g  a r iv e r  ohannel. The work req u ire d  a channel 35 f a s t  
wide on the bottom , from 8 to  12 f e e t  deep, and having 1; 1 s ide  
s lo p e s . The method of double c u t t in g ,  th a t  i s  excavating  one h a lf  
of the d itc h  and p la c in g  the s p o il  a l l  on one s ide  and the re p e a t-
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in g  the p rocess hy fo llow ing  down the o th e r s id e  of the d itc h  and 
throw ing a l l  the m a te r ia l on the n e a re s t bank, was used and the 
work was completed s a t i s f a c to r i l y .  The c o n tra c t  p r ic e  fo r  th is  
work was an<* 7 cen ts  p e r yard ,
2 , Tower Machines
D e sc r ip tio n .-  The e s s e n t ia l  fe a tu re s  of tower machines 
or s lack  lin e  excavato rs a re  a main tower of co n sid e rab le  h e ig h t 
from which cab les extend ao ross the excavation  to  an anchorage on 
the opposite  s id e , A drag bucket opera tes on the cable  by means of 
engines in  the main tow er. There a re  two methods fo r  anchoring the 
o u tly in g  end of the c a b le s . One is  to  a t ta c h  them to  a sm all bu t 
heavy tower; the o th e r id  to  s t r e tc h  a cab le  p a r a l le l  to  the cen­
te r  l in e  of the exoavation  between dead men and to  a t ta c h  the end 
of the d igging  cab le  to  th is  by means of a moveable d am p . The 
methods of o p era tion  of each of these  types of tower excavators 
w i l l  be made c le a r  by d e sc rib in g  two in s ta l la t io n s  where these  ma­
ch ines were employed . These d e sc r ip tio n s  w il l  be taken up immed­
i a t e ly  fo llow ing  the d iscu ss io n  of the uses of tower ex cav a to rs .
U ses.- The-broadest f i e l d  fo r  the  tower excavator l i e s  
in  levee b u ild in g  where the g re a t reach which the machine possesses 
makes i t  p a r t i c u la r ly  valuab le  in  making wide shallow borrow p i t s .  
Tower machines a re  a lso  used fo r  la rg e  wide channels .
Two Tower Exoavator on M iss iss ip p i River Levee Enlarge­
m ent.- The machine used on th i s  work was known as the Oglevie 
levee b u ild e r  and was used in  en la rg in g  the  levees of the M issis­
s ip p i R iver a few m iles below Memphis, Tennessee* d u ring  1915*
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The e s s e n t ia l  fe a tu re s  of th is  tower machine a re  shown 
on the accompanying sk e tch . An 80 -foo t main tower was s e t  up near 
the land toe of the e x is t in g  le v e e . About ^50 f e e t  d is ta n t*  a t a i l  
tower was s ta t io n e d , Eoth towers moved on trac k s  made up of heavy 
s e c tio n  r a i l ro a d  r a i l s .  Cables were suspended between the tow ers.
On one cab le  was a  4-^  yard b u ck e t. The rem aining cab les operated 
the bucket . R aising  or low ering the bucket was accom plished by 
tig h te n in g  or s la ck in g  the cab le  from which the bucket was hung#
The main tower was b u i l t  of v e ry  heavy tim bers and was 
mounted on heavy tru ck s  which ran  on the r a i l s .  The r a i l s  were fa s ­
tened to  sh o rt t i e s  in  sec tio n s  about 30 f e e t  long. As the r a te  
p f c o n s tru c tio n  was about 100 f e e t  per day, no g rea t tro u b le  was 
experienced in  moving the t r a c k . The engines whioh c o n tro l  the ca­
b le s  were p laced  on the base of the tow er, A locomotive type b o ile r  
fu rn ish ed  power. The o p era tio n  was c o n tro lle d  by a runner from a 
p la tfo rm  near the top of the tow er.
The t a i l  tower is  in  r e a l i t y  no t a tower a t  a l l .  I t  was 
a  f l a t  oar on a wide gage tra c k  from which was e rec ted  an A-frame 
to  a h e ig h t of about 20 f e a t .  The main cab les  passed th ru  a sheave 
a t  the top of the A-frame. The weight of the cab les and the p u ll  on 
the bfccket was counterbalanced  by a heavy box p a r t i a l l y  f i l l e d  w ith 
e a r th  which was hung from a 50 fo o t boom swung from the A-frame.
The coun ter weight re s te d  on the ground du ring  o p e ra tio n , the cab le  
to  the A-frame being  kept t a u t ,  however. When a move was made, the 
box was l i f t e d  by an engine on the car u n t i l  i t  swung on the boom 
c le a r  of the ground. The t a i l  tower was moved by winding up a cab le  
a tta o h e a  to  a  dead man buried  ahead of the tow er.
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The bucket used was of heavy s te e l  c o n s tru c tio n  ra te d  
a t  kk cubic yards c a p a c ity . In  good d igg ing , the bucket c a r r ie d
from 5 to  8£ yards b u t in  s t ic k y  gumbo m a te r ia l ,  consid e rab le  d if ­
f i c u l t y  was encountered in  o b ta in in g  a f u l l  lo ad . The speed of op­
e ra t io n  was about 2 t r i p s  of the bucket in  5 m inutes. Delays in  
a d d it io n  in c reased  the average time par b ucket.
In  d igg ing , the bucket was lowered in  the d e s ire d  p lace , 
the cab les  tig h ten ed  to  f i l l  the bucket, which then was p u lled  a -  
loag  the su rface  to  the toe of the lev ee . The re a r  of the bucket 
was then e lev a ted  so the the te e th  and f ro n t  edge of the bucket 
would drag  over the levee slope as the bucket was p u lle d  to  the top 
of the lev ee . This procedure was follow ed in  o rder to  compact the 
new f i l l  as much as p o s s ib le . In  gumbo s o i l ,  the bucket d id  not 
scour w e ll and i t  was necessary  to  stop  a f t e r  every few bucket 
loads and d e a n  the in s id e  w ith  a hose and w ate r. A ll la rg e  stumps 
in  the borrow p i t  were removed by b la s t in g  ahead of the work. The 
com pleted levee was w ell formed, uniform , even, and smooth in  ap­
p earan ce, P a r t of the appearance was due, however, to  two men being  
used to  d ress up the s lo p e s .
The b e s t month’ s run fo r  th i s  machine was 22,000 cubic 
yards in  28 s h i f t s  of 10 hours each. This i s  equ iv a len t to  about 
800 yards per day. The c o n tra c t p r ic e  fo r  the work was 20 c e n ts . 
The c o s t of o p era tio n  was about h a lf  th i s  amount.
S ingle Tower ExcavatorO peration in  C en tra l M is s is s ip p i. -  
The machine used on th i s  work i s  known as the F ie ld  Tower Excava­
to r .  The work c o n s is te d  in  excavating  a la rg e  channel 80 f e e t  wide 
on the  bottom and 17 f e e t  deep w ith  2:1 s lopes and berms 30 f e e t
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w ide.
The machine was a one-tower ex cav a to r, which operated  a 
2 yard bucket pn a g ra v ity  cab le  a tta ch ed  a t  one end to  a drum on 
the tower and a t  the  o th e r to  an anchor l in e  the span leng th  from 
the tow er. The tower was of heavy frame co n s tru c tio n  mounted on 
tru ck s  running on ra i l ro a d  r a i l s  w ith  a 30 f e e t  gage. The tower 
was 75 f e e t  h igh . The g ra v ity  cab le  was jo ined  to  the anchor ca­
b le  by an autom atic s l id in g  clamp which h e ld  firm  d u ring  d igging 
b u t which moved r e a d i ly  a t  O ther tim es. The opera tion  of the 
machine was c o n tro lle d  from a p la tfo rm  a t  about a th i rd  of the 
tower h e ig h t.
The o p era tio n  were c a r r ie d  on u s in g  a span of 375 f e e t .  
The bucket averaged about one tr ip  each m inute. At in te rv a ls  of 
from 25 to  35 m inutes the machine was stopped to  change p o s it io n . 
This o p era tio n  req u ire d  from 2 to  6 m inutes. The machine was op­
e ra te d  fo r  216 hours during  the summer of 1913 and d u ring  th is  . 
time 25*800 cubic yards were excavated . This was a t  an hourly  r a te  
of 117 cubic y a rd s .
The c o s t of o p e ra tin g  was as fo llow s!
T otal Cost Unit Cost
Labor and Eoard—-------------- $1103.75 $0.04-30Coal —--------------- --------------- 293.25 .0114-O il, R epa irs , e tc ------------- 4-63.48 .0132D e p re c ia tio n --------------------  24-3.50 .0094-I n te r e s t  -------------------------  58.50 .0022
|2162 .4-8 $0.0792
Theitem fo r  labor and board inc ludes f i e ld  superin tendence but 
no overhead charges a re  in c lu d ed . These would b ring  the to t a l  
u n i t  c o s t up to  10 or 11 c en ts  per cubic yard .
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3• Grapple Dredges
D e sc r ip tio n .-  Grapple dredges a re  so c a l le d  beoause of 
the f a c t  th a t they  a re  equipped w ith  long ‘booms from which hangs 
a  g rapple bucket which may e i th e r  be of the clam s h e l l  or orange 
p e3l  ty p e . The machinery is  p laced  e i th e r  on sk idders or i s  f lo a te d  
on a h u l l .  The w idest use of th i s  type of dredge on rec lam ation  
work has been in  C a lifo rn ia . The dredges used in  th a t  s ta te  are 
many of them b u i l t  w ith  costly , h u l ls  and a re  seaw orthy. The heavy 
tim ber of the South has p resen ted  d i f f i c u l t i e s  in  the way of stumps 
whioh the grapple dredges have no t surmounted owing to  a lack  of 
the enormous power necessary  to  uproo t and remove stum ps. Some of 
the C a lifo rn ia  dredges have booms 230 f e e t  long and c a r ry  buckets 
h o ld in g  up to  6^  cubic y a rd s .
U ses.- Grapple dredges may be used fo r  levee b u ild in g  
and channel excavation  in  f a i r l y  open coun try  where few stumps w i l l  
be encountered* Due to  the v e ry  long booms used* grapple dredges 
a re  p a r t i c u la r ly  w ell f i t t e d  to  levee b u ild in g  where the m a teria l 
i s  taken  from a stream  bed and p laced  w ell back on the banks.
Performance and C o s ts .-  A la rg e  number of long boom
clam s h e l l  dredges have been operated  in  the Sacramento V alley  in
C a lifo rn ia*  On one of these dredges* the "Armour", c a re fu l  co s t
reco rds were kept fo r  a p e rio d  of two y ea rs . The h u ll  of th is
dredge is  61 f e e t  w ide, 140 f e e t  long, and lH- f e e t  deep. The boom
is  225 f e e t  long and the bucket has a  c a p a c ity  of 5 cubic yards.
The o p e ra tin g  c o s t was $95 P®r  day and re p a i r s  amounted to  $25 per
day. C onsidering th a t  one day out of s ix  was used fo r  re p a ir in g , the
d a i ly  c o s t would be f l l 6 .  The "Armour" p laced  from 30 to  35 buckets 
of m a te r ia l per hour. The bucket averaged about 50 per cen t of the
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ra te d  capac i t y  over a long p e rio d  of time and o p era tin g  in  d i f f e r ­
en t m a te r ia ls .
Another dredge used in  the  Sacramento V alley  was the 
"T ro jan” , a boat 70 f e e t  by 150 f e e t  w ith  a 200 fo o t boom and a 
64 yard bucket. While p lac in g  m a te ria l 155 f e e t  from the side of 
the h u l l ,  no t counting  the time fo r  moving, 8^ swings per hour 
were made during  a te s te d  sh o r t p e rio d  of tim e. The dredge was op­
e ra t in g  in  r iv e r  sand and the buckets came up le v e l f u l l .  On the 
same c la s s  of work, long time records show from 37 to  4-1 swings p e r  
hour, in c lu d in g  time fo r  moving forward bu t not in c lu d in g  any time 
fo r  o i l in g  or r e p a i r s .
In  c o n s tru c tin g  a lsv ee  a t  some l i t t l e  d is ta n ce  from the 
Sacramento R iv e r, working in  heavy c la y , over a d is ta n ce  of 21 
m iles , a t p t a l  volume of 5»1°0>000 cubic yards was p laced  to  form 
a levee w ith 10 fo o t crown, s lopes of 3^ to  1 and 2 to  1 , The 
g re a te r  p a r t  of the  levee was b u i l t  to  a h e ig h t of over 25 f e e t .
The m a te r ia l was 3o hard  th a t  over h a l f ,  about 2,880,000 yards to  
be s p e c i f ic ,  was b la s te d  befo re  excavation.The average c o s t of 
excavatin g  the m a te r ia l no t b la s te d  was 9«13 cen ts  p e r yard and the 
average c o s t of removing the b la s te d  m a te r ia l was 6.58 c e n ts .  The 
b la s t in g  c o s t 2 . 8^ cen ts  per yard so th a t  the to ta l  c o s t fo r 
ex cavatin g  the m a te r ia l th a t had to  be b la s te d  was cen ts  p er
cubic yard . These c o s ts  do no t include c le a r in g  and grubbing.
Another levee was co n s tru c ted  immediately a long  the r iv ­
er from r iv e r  sand. This levee had slopes of 3 to  1 and 2 to  1 and 
averaged 12 fe e t  h ig h . Excluding c le a r in g  and grubbing, the co s t 
of excavating  2, 300,000 cubic yards of m a te r ia l was 8.36 c e n ts .
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C.-REVOLVING WHEEL OR CHAIN MACHINES 
1 , Templet Excavators
D e sc r ip tio n .-  This type of excavator c o n s is ts  of a s tru c ­
tu r a l  s t e e l  frame which spans the d itc h  and p ropels  i t s e l f  on 
wheeled trucks or c a t e r p i l l a r  t r a c t io n  wheels which run along the 
s id es  of the d i tc h .  On the frame is  p laced  the o p era tin g  machinery 
and on the f ro n t is  a la rg e  s t e e l  bucket guide frame which is  , in  
r e a l i t y  a la rg e  tem plet shaped to  the dim ensions of the c ro ss  sec­
tio n  of the d i tc h .  The guide frame moves v e r t i c a l ly  . Along the 
o u te r perim eter of the guide fram e, the excavating  buoket tra v e ls  
in  guideways tra n s v e rs e ly  of the d i tc h , The bucket shaves o ff  a th i 
s l i c e  down one s id e  and across  the bottom and up the opposite  s id e , 
The guide frame extends above and beyond the l im its  of the d itoh  
and the bucket c a r r ie s  the m a te r ia l to  the ou te r end and then 
dumps onto the waste bank. The bucket, a f t e r  dumping, rev erses  
d i r e c t io n  and makes ano ther c u t as i t  t r a v e ls  back ac ro ss  the aides 
and bottom , dumping on the opposite  s ide  of the d i tc h .
In  o p e ra tio n , the guide frame i s  lowered p ro g re ss iv e ly  
w ith the excavation  u n t i l  the d itc h  has been c u t to  the  req u ired  
c ro ss  s e c tio n .
E ith e r steam or o i l  d riv e  is  used on tem plet ex cav a to rs .
The buckets used vary  in  c a p a c ity  from ^ to  2 cubic y a rd s . Two
men a re  a l l  th a t  a re  req u ired  to  operate  the machine.
U ses.- Templet excavators a re  used to d ig  d ito h es  from
3 to  30 f e e t  in  w idth and up to  12 f e e t  in  dep th . The machine is
designed to  cu t a d itc h  to  an exac t and smooth cross s e c tio n , a 
th in g  which is  no t p o ss ib le  w ith  o the r types of equipment. This
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a b i l i t y  is  d e s ira b le  from the stan d p o in t of an e f f i c i e n t  w ater­
way, bo th  h y d ra u lic a l ly  and from a maintenance s ta n d p o in t. The 
machine can not be used in  ground which i s  too wet and swampy to 
perm it good tra c k in g  and i t  can no t su c c e s s fu lly  handle stumps 
and v ery  hard m a te r ia ls .  Since i t  i s  no t w ell adapted to  the swamps, 
the tem plet excavator has met w ith l i t t l e  favor in  the South where 
swamp co n d itio n s  a re  very  p re v a le n t.
Performance and C o s ts .-  Mr. D.L Y arnell in  a b u l le t in  on 
"Excavating Machinery" d esc rib e s  the c o n s tru c tio n  of about a mile 
and a h a lf  of d itc h  w ith a 2k fo o t bottom w idth , side slopes of 1 
to  1, and depths ranging  from 3? to  7 f e e t .  The work included the 
excavation  of about kj>,000 cubic yards of yellow c la y  s o i l .  An av­
erage d a i ly  p ro g ress  of s l i g h t ly  more than 3^ 0 cubic yards was 
ach iev ed . The o p e ra tin g  Cost was 8 .1  cen ts  per oubic yard . Count­
ing  in  in te r e s t  and d e p re c ia tio n , the t o t a l  c o s t would be about 
11? ce n ts  per cubic yard .
2 . Wheel Excavators
D e sc r ip tio n .-  The wheel exoavator i s  so named because i t  
excavates by means of a  la rge  wheel a tta ch ed  to  a p iv o ted  s te e l  
frame which works about the r e a r  end of a t r a c to r  machine which 
supplys the power fo r  o p e ra tio n . On the oircum ference of the 
wheel a re  a s e r ie s  of buckets w ith sharp c u t t in g  edges . As the 
wheel rev o lv es , each bucket s l ic e s  o ff a th in  layer of m a te ria l 
from the d itc h . This m a te r ia l is  then o a r r ie d  to  the top of the
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wheel where the d i r t  f a l l s  on to  a b e l t  conveyor s e t  w ith in ,i the 
wheel a t  r ig h t  ang les to  the p lane of the c ircum ference . The con­
veyor extends to  the side  of the d itc h  and d ep o sits  the m a te ria l 
th e re . As the d igg ing  p ro g re sse s , the wheel i s  lowered continuous­
ly  u n t i l  the d e s ire d  grade i s  reached .
The t r a c t io n  equipment i s  u s u a lly  mounted on la rg e  re a r  
apron wheels which support the machine in  wet s o i l s .  The machine 
oan move over the ground under i t s  own power from d itc h  to  d i tc h .
Wheel D itch er Working In  Ohio Marsh Land
U ses,- The wheel exca-vatoris p a r t i c u la r ly  adapted to  
d ig g in g  sm all s iz ed  d itch es  up to  about 10 or 12 f e e t  in  width and 
5 or 6 f e e t  in  dep th . Under c e r ta in  c o n d itio n s , where the manufac­
tu re r s  have shown a s p i r i t  of coopera tion  w ith  the owner of the
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maohine in  e f f o r t s  to  f i t  the machine fo r  p ro p e rly  working under 
a given s e t  of c o n d itio n s , the  wheel machines have given e x c e lle n t 
r e s u l t s .  The major p a r t  of the opera tions of these  machines have 
been c a r r ie d  on in  F lo rid a  and Louisiana in  warshy s o i l s .  In many 
c a se s , the o r ig in a l  machines in s ta l le d  on the job were n e t w ell 
adap ted  to  t ra v e lin g  over the s o f t  ground by reason of inadequate 
apron or c a t e r p i l l a r  t r a c t io n  wheels . The machines, as a r e s u l t ,  
mired in  the s o i l  and gave much troub le  in  e x t r ic a t in g  them . The 
m anufacturers of one make of machine re fu sed  to  a s s i s t  the owners 
iA modifying the machines to  s u i t  the co n d itio n s  but the lead ing  
makers of wheel excavators atuAied the problems encountered and 
in c reased  the b ea rin g  a rea  of the t r a c t io n  wheels and changed the 
d e ta i l s  u n t i l  s a t i s f a c to r y  o p era tio n  was a t ta in e d .
Wheel machines w il l  not handle la rg e  stumps bu t the cu t­
t in g  wheel w i l l  shear o ff sm all ro o ts  from a main stump and i f  the 
stump i t s e l f  is  s tru c k , the engine w il l  s t a l l  u n t i l  the wheel is  
r a is e d  over the stump. Where th e re  is  consid e rab le  stumpage, i t  i s  
neoessary  to  b la s t  the stumps ahead of the excavation . In  some p a rti 
of L ou isiana , in  reg ion s which were fo rm erly  oypress swamps, whole 
tre e  trunks a re  found b u ried  where they have f a l le n  over. Under 
such c o n d itio n s , the wheel excavator cannot o p e ra te .
Performance and C o s ts ,-  A wheel machine made by the 
Buckeye Company was used re c e n tly  on a t r a c t  of land near Lake 
P o n to h a ttra in  15 m iles from New O rleans. On p a r t  of the work, there  
was a heavy growth of shrubs, some 5 to  10 f e e t  h igh , from 2 to  3 
inches in  d iam eter and having a s u b s ta n t ia l  ro o t system . For the 
purpose of a lignm en t, a s t r i p  2 to  3 f e e t  wide was c le a re d  th ru  the
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sh ru b s . On th is  work, the a c tu a l  c o s t of o p era tio n  was about 2 
cen ts  p e r cubic yard .
In  191^, a  Buckeye machine was used to  c u t a d itc h  5? 
f e e t  deep, 3 f e e t  wide on the bottom , and 12 f e e t  wide on top , in  
F lo r id a , An average of a q u a r te r  of a m ile a  day was excavated w ith 
a maximum of twice th a t  d is ta n c e . The average volume of e a rth  moved 
was about 2,000 cubic yards. A la rg e  p a r t  of the work was done w ith 
w ater from 6 inches to  2 f e e t  over the s u r fa c e . The s o i l  c o n s is te d  
of from 1 to  5 f e e t  of tu r fy  muck u n d e rla id  w ith a sandy c la y  or 
marl s u b s o il .  In te rsp e rse d  a t  in te rv a ls  were rid g es  of saw palm etto  
u n d e rla id  w ith a hard  brown hardpan. The average o p era tin g  co s t was 
about |5 0  per toy  , This would be eq u iv a len t to  about 2^ cen ts  per 
cubic yard of m a te r ia l .
In Dade C oun ty ,F lo rida , a Buckeye machine was used to  re ­
move 1 ,300,000 yards of muck and sand from 250 m iles of d itch es  
a t  a  c o s t  of 2 ,7  cen ts  per yard . The d itc h e s  averaged 5 f e e t  deep, 
2 f f e e t  wide on the bottom , and 9 f e e t  wide on to p . The average 
monthly cap a c ity  of th i s  machine was ^ ,^ 0 0  cubic yards. Three men 
were req u ire d  to  opera te  the machine and fou r men were employed to  
cu t out a  s t r ip  25 f e e t  wide a long  the d itc h  l in e .
3 .Trench Excavators
D e sc r ip tio n .-  There a re  in  use today sev e ra l types of 
machines designed to  excavate narrow trenches in  which d ra in  t i l e  
or sewer p ipe may be la id  . These machines a re  of no use from the 
broad stan d p o in t of land rec lam atio n  which involves the drainage 
of la rg e  t r a c t s  of land and does not concern i t s e l f  w ith  the method 1
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of sp e c ia liz e d  farm drainage of sm all u n i ts  which to g e th e r  make up 
the  la rg e  t r a c t s .  The d isc u ss io n  of trench  excavators w il l  th e re ­
fo r  no t he taken up in  th is  t h e s i s ,
^ .Ladder Dredges
D e sc rip tio n ,— The la d d e r dredge is  a  f lo a t in g  excavato r. 
On the f ro n t of the h u l l  is  a  framework o a lle d  a la d d e r . One end 
of the lad d er is  p iv o ted  to  the h u l l  and the ou te r end i s  suspend­
ed from a gan try  frame p laced  on the f ro n t of the h u l l .  Endless 
chains run  around the ladder which c a rry  buckets a t  sh o r t in te rt. 
v a l8. These buckets hold from 3 to  15 cubic f e e t ,  The chains a re  
revolved  around the ladder which is  lowered in to  the m a te ria l to  
be removed and as the chains revo lve the buckets p ick  up a load 
from the bottom and f ro n t  of the  m a te r ia l. This i s  c a r r ie d  to  the 
top of the ladder where i t  i s  dumped au to m a tica lly  onto a b e l t  con­
veyor. The conveyor e i th e r  takes the m a te r ia l to  a scow along side 
or , by a  s p e c ia l arrangem ent, p rov ides fo r  dumping along  the 
banks•
U se.- A ltho the ladder dredge has in  the p a s t been used 
in  excavating  la rg e  c a n a ls , i t  i s  no t o rd in a r i ly  adapted to  gener­
a l  use on s&ch work. The dredge can not work w ell in  sm all channels 
and i s  most e f f i c i e n t  in  la rg e  c a n a ls , r i v e r s ,  and h a rb o rs . This 
type of excavator a lso  has tro u b le  in  p ro p e rly  d isposing  of the ex­
cavated  sp o il  from such channels as a re  dug fo r drainage purposes. 
In  a word, the ladder dredge is  a h ig h ly  sp e c ia liz e d  type of equip­
ment whioh fin d s  l i t t l e  use in  drainage can a l excavatio n .
1 0 ;
D.-HAND AND TEAM 
1 , Scrapers
D e sc r ip tio n ,-  Scrapers in  genera l c o n s is t  of some kind 
of a  pan or scoop which may he drawn by ho rses and f i l l e d  with 
e a r th .  The s im p lest type p f sc rap er is  known as the s l ip  sc ra p e r . 
This i s  merely a s t e e l  scoop ho ld ing  from 3 to  7 cubic f e e t  to  
which i s  a tta c h e d  a heavy b a i l  fo r h itc h in g  the horses to .  The 
sc rap e r has two wooden handles which a re  used in  f i l l i n g  and dump­
in g  the scoop. S lip  sc rap ers  a re  economical fo r  moving e a r th  only 
sh o rt d is ta n ces  of 100 or 200 f e e t .
Wheel sc rap e rs  axe the  next s iz e  of sorapers above 9l i p s ,
Wheel Scrapers At Work
These c o n s is t  of a s te e l  pan w ith  a re c ta n g u la r  c ross se c tio n  which 
i s  mounted on a s in g le  p a ir  of w heels, a tongue is  a ttao h ed  to
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which a team of horses is  h itc h e d , Wheel sc rap e rs  ho ld  from 10 to  
17 cubic f e e t .  These sc rap ers  a re  used econom ically up to  hau ls 
of 800 f e e t .
The accompanying i l l u s t r a t i o n  shows a re c e n tly  developed 
fo u r wheel sc rap er known as the Maney Scraper which has met w ith 
su ccess . This sc rap er c a r r ie s  a 1 yard pan slung  from a frame by 
chains and may be e i th e r  horse or t r a c t io n  drawn. Maney sc rapers  
may be used fo r  h au lin g  up to  d is ta n c e s  of 2000 f e e t .
U ses.- Scrapers are  u s e fu l in  land rec lam ation  c h ie f ly  
in  p la c in g  ea rth  in  levees a l th o  they  a re  a lso  of value fo r  d igging 
sm all d i tc h e s .
C o s ts ,-  Costs fo r  v a rio u s  p ieces of work vary  w ith the 
s o i l  co n d itio n s  and the leng th  of h a u l. An average p r ic e  of from 
25 to  30 cen ts  p re v a ile d  on drainage and levee work du ring  the 
pre-w ar p e rio d , th a t  i s  befo re  1916 and 1917,
Maney Scraper
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2 . Grader8
D e sc r ip tio n ,-  Graders a re  of two k in d s , road or scrap ing , 
and e le v a tin g . The former o o n s is ts  of a sc rap e r blade hung from 
from a frame mounted on e i th e r  two or four w heels. These graders 
a re  u se fu l fo r sm all d itch  work only and w il l  no t be considered  
f u r t h e r ,
The e le v a tin g  grader c o n s is ts  of a plow which throws 
e a r th  on to  an in c lin e d  moving b e l t  which in  tu rn  c a r r ie s  the 
e a r th  upward to  the  o u te r end of the b e l t  where i t  e i th e r  f a l l s  
intfc wagons or in  a waste p i l e .  The plow and conveyor a re  mounted 
on a s t e e l  frame on fou r wheels and a  m echanical arrangem ent of 
w heels, g ea rs , and ohains serves to  c o n tro l the d igg ing ,
• U ses,- E lev a tin g  g raders are  used in  loading  wagons in  
levee c o n s tru c tio n , the wagons d ep o s itin g  the m a te ria l in  the levee
Performance and C o s ts ,-  The m anufacturer of a lead ing  
make of grader s ta te s  th a t ,  u s in g  s ix  team s, one o p e ra to r , and 
two d r iv e r s ,  the d a i ly  expense would be about | 19, e s tim a tin g  teams 
a t  12,00 and d r iv e rs  a t  |2 ,5 0 ,  In  o rd in a ry  s o i l ,  i t  is  s ta te d  th a t  
1000 yards a day can be moved whioh would be le ss  than 2 cen ts  p e r 
yard fo r  o p e ra tio n . Under p re se n t c o n d itio n s , teams would c o s t 
. |7»00 per day w ith  d r iv e rs  and es tim a tin g  the co s t of the o p e ra to r , 
the d a i ly  c o s t would f a l l  l i t t l e  sh o rt of This would make a
c o s t  of about 5 cen ts  a yard fo r  the work. In  a d d i t io n , the c o s t 
of c a r t in g  the m a te r ia l must be added to  a r r iv e  a t  the t o t a l  oost 
of the  work.
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3. Plows
a-C apstan
D e sc r ip tio n .-  Capstan plow d itc h in g  r ig s  c o n s is t  of one 
la rg e  plow and a t  l e a s t  two capstans w ith from 3000 to  6000 f e e t  
of c a b le . The plow is  f i t t e d  w ith mouldboards shaped to  form the 
s id e s  of a shallow  d itc h  and throw the d i r t  from 3 to  5 f e e t  away 
from the  edge of the d i tc h .  The plow is  mounted upon moveable 
tru c k s . The capstans c o n s is t  of a w ell b u i l t  frame s e t  on wheels
Capstan Plow
Capstan(Note mud claws)
fo r  h au lin g  and have two s e l f - s e t t i n g  mud claws to  hold them in  
p o s i t io n .  On the frame is  a sp in d le  or drum around which the cab le  
i s  wound in  o p era tin g  the plow. This drum is  revolved by a sweep 
about ZU- f e e t  long to  which fou r horses a re  h itch ed .
The method of o p era tio n  i s  as fo llo w s. The plow i s  low-
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ered  to  the ground a t  the p lace  where the d itc h  is  to  begin  and the 
tru ck s  used in  tra n s p o r tin g  the plow are  removed. The capstans a re  
s e t  from a q u a rte r  to  a h a lf  m ile ahead of the plow , one on e i th e r  
s id e  of the lin e  of the d itc h  to  be dug. The capstans may be s e t  
on land  th a t  is  dry  and the plow p u lled  th ru  low wet p laces  where 
i t  i s  d e s ira b le  to  have d i tc h e s .  The cab le  i s  a ttach ed  to  one cap­
s ta n  and passed th ru  a sheave on the plow and then brought back to  
the o th e r cap s ta n . As the drums on the capstans are  revolved  by the 
ho rses on the sweeps, the cab le  is  wound up and the d itc h e r  plow 
p u lle d  ahead. To operate  a cap stan  plow o u t f i t  re q u ire s  about 16 
ho rses and 6 men, no t counting  in  a cook or camp men where a camp 
is  m ain tained .
Uses,-* The capstan  plow d itc h e r  w i l l  cu t sm all d itch es  
from 8 inches to  2 f e e t  wide on the bottom, from iJ- to  10 f e e t  wide 
on to p , and from 2\ to  5 fo o t deep. These plows have been dsed to  
a la rg e  e x ten t in  M innesota, W isconsin, and no rthern  Iowa. A oom- 
mon name fo r  the plow is  a swamp d itc h e r  and i t  is  tru e  th a t  i t  
works b e t te r  in  a wet s o i l  than  in  d ry , Where the m a te r ia l is  too 
s o f t  to  hold  the shape of the d ito h  as c u t ,  the plow i s  not very  
s a t i s f a c to r y .  I t  works b e s t when w ater fo llow s in  the d itc h  th a t i s  
ou t as th i s  helps the mouldboard scour. More power i s  a lso  req u ired  
in  d ry  e a r th .
The f u l l  s ized  d itc h  i s  no t u s u a lly  obtained the f i r s t  
time over and a second cu t i s  made to  make the d es ired  s iz e  of 
d i to h . Small stumps and bou lders cause mdch troub le  and hinder the 
work co n s id e ra b ly .
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Perform ance.- In open p ra r ie  s o i l ,  a capstan  plow should 
c u t from 150 to  200 rods of d itc h  per day. Where tim ber is  encoun­
te re d , the ra te  i s  a t  le a s t  c u t in  h a l f .
C o s ts .-  C ontract p r ic e s  fo r  plow d itch in g  w ith capstan  
plows has in  the p a s t  v a rie d  from about |1  to  #2 per ro d .
3. Plows 
b** Trench Plows
D e sc r ip tio n .-  There a re  se v e ra l models of plows fo r  mak­
ing  shallow  trenches fo r  t i l e  or fo r sm all farm d itc h e s . One of 
the most su c c e ss fu l of these plows is  mounted on two re a r  wheels 
having a spread of 11 f e e t  and w ith  a s o lid  wheel a few fe e t  ahead 
of the  p o in t of the plow which is  hung on an iro n  frame between the 
f ro n t and back w heels. At the f ro n t  of the plow, s ix  horses are  
h itc h e d  a b re a s t to  a  14 fo o t evener, th ree  horses tra v e lin g  on 
each s id e  of the d itc h  l in e .  Sometimes t r a c to r s  are  employed in ­
s te a d  of ho rses to  fu rn ish  the  motive power.
In  a d d itio n  to  the s ix  h o rses , th re e  men are  requ ired  to  
opera te  the plow, two a c tin g  as d r iv e rs  and the th ird  r id in g  and 
o p era tin g  the machine. The op era to r re g u la te s  the depth of cu t by 
a s te e r in g  wheel a c t in g  th ru  a worm gear. Not having to  pay any a t ­
te n tio n  to  the d r iv in g , the opera to r i s  f re e  to  concen tra te  h is  
whole th o ts  to  the c u t t in g  of the d itch  and in  th is  way he is  ab le  
to  make a smooth c u t which w il l  re q u ire  l i t t l e  i f  any trimming i f  
t i l e  a re  to  be la id  in  the tre n c h . The machine dtoes no t cu t the 
f u l l  depth in  one time but re q u ire s  from ^ to  8 tim es over the
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d i tc h  to  cu t to  the  f u l l  dep th .
As the d i r t  i s  plowed out of the d i tc h ,th e  moldboards 
a s s i s t  in  d ep o s itin g  i t  on both  s id es  of the d itc h .
Uses.« The p r in c ip a l  f i e ld  fo r  th is  type of excavator is  
in  making t i l e  trenches but i t  is  a lso  u se fu l in  digging sm all 
farm d itc h e s , A d itc h  16 inches wide and 3 f e e t  deep is  about the 
maximum th a t  can be dug. The machine w il l  opera te  su c c e s s fu lly  in
any s o i l  th a t  is  s o l id  enough to  a f fo rd  a fo o tin g  fo r  the h o rses . 
In  rocky s o i ls  where boulders a re  met w ith , these in te r f e re  w ith 
the  o p e ra tio n  in s o fa r  as i t  is  necessary  to  stop  the plow and 
r a is e  the p o in ts  to  p as3 over the o b s tru c tio n . The boulder must 
then be removed by hand. Stumps and ro o ts  a lso  o ffe r  insurmount­
ab le  d i f f i c u l t i e s  to  th ie  type of d i tc h e r .
In  u sin g  th i s  machine fo r  making t i l e  tren c h es , i t  i s
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u s u a lly  neoessary  to  d ress up the bottom to  an even grade with a 
t i l e  scoop and remove the p a r t i c le s  of d i r t  th a t  r o l l  back in to  
the d i tc h .
Perform ance,- The o ap a c ity  of plows of the trench  type 
v a r ie s  accord ing to  the heav iness of the s o i l  in  which opera tions 
a re  c a r r ie d  on. Working under favo rab le  co n d itio n s  as much e a rth  
can be removed by a plow in  a day as  25 or 30 men can throw out 
w ith sh o v e ls . The m anufacturers guarantee th a t  300 rods of d itch  
can be made in  a day c u t t in g  to  a depth of 2 f e e t .  This r a te  is  
based on usin g  6 ho rses but i f  more a re  u sed , a deeper c u t can be 
taken each time th ru  and a g re a te r  ra te  can be a t ta in e d .
C o s ts .-  The c o s t p e r rod can be found by e s tim a tin g  the 
c o s t  of th ree  teams and th ree  men to  operate  the o u t f i t .  Under 
p re se n t p r ic e s ,  the teams would c o s t a t  l e a s t  $7 each or $21 in  
a l l  and the men would average $3 each or $9 in  a l l .  The t o t a l  op-, 
e ra t in g  c o s t p e r day would then be about $30. For 300 rods, the cost 
per rod would be about 10 c e n ts .  Where farm ers use th e i r  own teams 
and do the work them selves, th i s  f ig u re  may be reduced somewhat.
Shovels
D e sc r ip tio n ,-  A d iscu ss io n  of the means a v a ila b le  fo r 
excavatio n  of d itc h e s  would be incom plete w itou t a p ass in g  men­
tio n  of d igging  the e a r th  out by means of hand shovels . In the 
case of sm all is o la te d  d itch es  on the farm or in  making t i l e  trench  
i t  i s  f re q u e n tly  no t economical to  i n s t a l l  a machine to  do the 
work and in  such c a se s , the excavation  is  performed by hand with
s
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sh o v e ls . Recent experim ents in  in d u s t r ia l  f ie ld s  have led  to 
the conclusion  th a t  a man can dc the most work when he i s  u sing  a 
shovol th a t  w i l l  ho ld  about 21 pounds of m a te r ia l.
Costs and performance in  exoavation  by hand w ith  shovels 
v a r ie s  so much th a t  no genera l sta tem ents can be given th a t  w ill  
convey a c o r re c t im pression of the c o s t of doing work by th is  
means, Fot th is  reason , these to p ic s  w il l  no t be taken up.
The uses of shovels is  o rd in a r i ly  confined to  the exca­
v a tio n  of sm all volumes of e a r th  fo r  i f  a very  g rea t q u a n tity  is  to  
be moved, some P ther means of moving the m a te r ia l w i l l  o rd in a r i ly  
prove cheaper.
E.-HYDRAULIC MACHINES 
1. Suotion Dredge
D e sc r ip tio n .-  H ydraulic su c tio n  dredges a re  s u b s ta n tia l­
ly  co n s tru c ted  boats b u i l t  to  nav igate  in  risers and h a rb o rs . On the 
f ro n t  of the h u l l  i s  a  ladder device which lowers to  the bottom 
of the channel when excavation  is  being c a r r ie d  forw ard. Thru op­
enings in  the end of the la d d e r , the m a te r ia l being excavated is  
drawn in to  the hollow c en te r  of the ladder by means of a suc tion  
c re a te d  by a c e n tr ifu g a l  pump p laced  on the deck of the b o a t. The 
m a te r ia l thus drawn in to  the in tak e  p ip e , passes  th ru  the pump and 
is  fo rced  th ru  a d ischarge  p ipe to  a b a l l  and socket connection on 
the s te r n  of the boat a t  about w ater le v e l .  To th is  connection  is
11^
H ydraulic Dredge Of C u tte r Head Type
Note c u t te r  head a t  end of lad­der r a is e d .  Also note d is ­charge p ipe on side of b o a t.
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f i t t e d  a  lin e  of s te e l  p ipe which f lo a t  on pontoons in  the w ater 
behind the  dredge. The excavated m a te ria l then is  fo rced  th ru  th is  
l in e  of f lo a t in g  p ipe and d ischarged .
There a re  two c h ie f  types of hyd rau lic  su c tio n  dredges. 
One has a ladder and su c tio n  head and m erely pushes a g a in s t  a bank 
of e a r th  or o ther m a te ria l and draws i t  in to  the in ta k e . The second 
has a revo lv ing  c u t te r  head which has the power to  chop up and 
loosen  the m a te r ia l which otherw ise could not be pumped. Accom­
panying th is  d iscu ss io n  a re  a number of photographs which show the 
most im portant d e t a i l  fe a tu re s  of both tpyes of d redges.
Uses.*- The hyd rau lic  dredge is  no t a type of equipment 
which can ever come in to  la rg e  use on drainage and reclam ation  
work. The p r in c ip a l  f i e l d  fo r  th i s  dredge is  in  r iv e r s  and harbors 
where the  m a te r ia l to  be removed i s ,  fo r the most p a r t ,  of a  sandy 
or s i l t y  n a tu re  which in te rm ing les  w ell w ith w ater and hence can 
be e a s i ly  pumped. In  m a te ria ls  of th is  s o r t ,  the hyd rau lic  dredge 
works most e f f i c i e n t l y  and a t  a low c o s t .  For handling  s t i f f  mater­
ia l s  such as c la y , the c u t te r  head type can be employed to  a lim ited 
e x te n t .  Even w ith  the c u t te r  head machine, c la y  is  no t an id e a l 
m a te r ia l to  excavate ;
The United S ta te s  government employs many hyd rau lic  
dredges in  m ain tain ing  r iv e r  channe ls . The method of o p era tio n  in  
th i s  k ind of work,which c o n s is ts  la rg e ly  of dredging b ars  of a 
sangy n a tu re  and o rd in a r i ly  re c e n t fo rm ation , i s  to  pump the mater­
i a l  excavated  from the bar th ru  a long d ischarge l in e  and discharge 
i t  in to  a deep p lace  in  the channel.
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H ydraulic dredges have been used under c e r ta in  condi­
tio n s  to  h u lid  le v e e s . When so used , i t  i s  necessary  to  e i th e r  
b u ild  d ry  e a r th  toes to  confine the m a te r ia l deposited  dy the 
dredge and preven t i t s  sp read ing  over a v ery  wide base or to  use 
slope boards fo r  form ing the slopes* There a re  some advantages in  
h y d rau lic  f i l l  levees where such can be b u i l t  fo r  the m a te r ia l in  
the levee can be b u i l t  to  f l a t  slopes i f  d e s ire d  and the composi­
t io n  of the levee is  compact and s o l id .
H ydraulic Dredge At Work 
Note d ischarge  pipe c a r r ie d  on f lo a t in g  pontoons.
As p rev io u s ly  exp la in ed , the hyd rau lic  dredge of the 
c u t t e r  head type may be u t i l i z e d  fo r  excavating  c lay  m a te r ia l . 
During the summer of 1917* & dredge of th is  kind was used in  cen­
t r a l  M iss iss ip p i in  redredg ing  a  la rge  channel in  the Bogue P h a lia
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F ron t View Of Suction  Dredge Showing Ladder R aisedNote su c tio n  openings*
S te rn  Of S uction  Dredge Showing Connection To F lo a tin gLine
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Drainage D is t r i c t .  This p a r t ic u la r  channel had been excavated by 
a la rg e  f lo a t in g  d ipper dredge and some time a f t e r  the work had 
been com pleted, the g re a t w eight of the s p o i l  banks caused the 
e a r th  to  s e t t l e  and s l id e  in td  the channel g re a t ly  reducing  the 
waterway. The d ipper dredge which had perform ed the excavation  in  
the f i r s t  p lace was no longer on the work and fo r  th i s  reason  a 
h y d rau lic  dredge which was then o p era tin g  in  a nearby r iv e r  was 
employed to  do the work. C onsiderable d i f f i c u l ty  was experienced 
from buried  logs and stumps and from the o u t te r  head clogging  up 
due to  the natu re  of the m a te r ia l .  These f a c t s  a l l  c o n tr ib u te d  to  
a high c o s t fo r  the work, bu t under the e x is t in g  c o n d itio n s , the 
c o s t  was le s s  than i t  would have been had o th e r machinery been 
used which would have had to  have been mttved to  the work and in­
s t a l l e d  upon i t .  The excavated m a te r ia l in  th i s  case was disposed 
of by running the d ischarge p ipe some d is ta n ce  in  on the shore .
Perform ance.- A hyd rau lic  dredge working under favorab le  
co n d itio n s  in  c lay  s o i l  w il l  remove from 150,000 to  250,000 cubic 
yards per month. The dredge re fe r re d  to  above on the redredg ing  
of the Bogue P h a lia  channel, working under adverse c o n d itio n s , 
averaged about 1050 cubic yards of m a te r ia l p e r day fo r  111 days. 
This boat had a 16 inch d ischarge  p ip e , A dredge w ith a 14- inch 
d ischarge  p ipe working on levee c o n s tru c tio n  near B u rling ton , Iowa, 
p laced  2,700 yards of m a te r ia l per day of two 11 hour s h i f t s .
C osts,-T he c o s t of dredging by hydrau lio  dredges is  low 
f o r  work in  r iv e r s  and h a rb o rs , ranging as low as 3 cen ts  on some 
c la s s e s  of th is  work. On drainage channel work , the c o s ts  w ill 
run co n sid e rab ly  h ig h e r. For favo rab le  c o n d itio n s , such co s ts  may
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End Of F lo a tin g  Discharge Pipe From S uction  Dredge
C u tte r Head Clogged With S t i f f  M aterial
H ydraulic dredge working in  Bogus P halia  Drainage D is tr ic t*  M iss is s ip p i,
Note d e f le c to r  fo r  d is t r ib u t in g  m a te r ia l.
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no t exceed 10 cen ts  per yard. On the Bogue P h a lia  work,which has 
been d iscu ssed  above, the o p era tin g  c o s t alone was 27 c e n ts .  This 
work was not done under c o n tra c t  but had i t  been so , the co s t of 
doing the excavation  would no doubt have been considerab ly  in ­
c re a se d .
F .-  MISCELLANEOUS 
1 .Dynamite.
D esc rip tio n , Uses, and C o s ts .-  Dynamite d itc h in g  has beer 
the su b je c t of no l i t t l e  experim enting in  reoen t years and while 
th e  use of dynamite has not proven p a r t ic u la r ly  r e l ia b le  and econ­
om ical, i t  i s  n ev e rth e le ss  u s e fu l fo r  making sm all d itc h e s  and fo r  
c le a n in g  out bars  and s l id e s  in  e x is t in g  d itc h e s .  During summer 
when the ground i s  d r y ,c o n d i t io n s  are  adverse to  su ccessfu l dyn­
am itin g  and the r e s u l t s  secured  w il l  no t be as good as when the 
ground is  w et. Gumbo and buckshot s o i l s  do not shoot w ell when dry 
bu t f a i r l y  good r e s u l t s  a re  secured when w et. In  mucky s o i ls  which 
a re  s o f t  and spongy, dynamite does not take hold of the m a te ria l 
due tfc i t s  spongy c h a ra c te r  and the charges a re  la rg e ly  w asted.
A g rea t deal of the success of dynam iting depends upon 
the spacin g  and depth o f .th e  charges as w ell as the amount of the 
ch a rg e . Both 40 p e r cen t and 60 per cen t powder is  used fo r  b la s t ­
ing  d i tc h e s .  The 40 per cen t powder has s u f f ic ie n t  power to  throw 
out the  e a r th  bu t i s  no t so s e n s i t iv e  to  d e to n a tio n  by concussion 
or s y n th e tic  d isch a rg e ,a s  the 60 per cen t’. However, where a b a t te ry
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is  used the per cen t dynamite w il l  u su a lly  give r e s u l t s  as s a t­
is f a c to r y  as the 60 p e r c e n t .
For sm all d itc h e s , one s t ic k  of dynamite p laced  every 
18 inches w il l  o rd in a r i ly  give good r e s u l t s .  For la rge  d itch es  , 
the  spacing  should he in c reased  to  2 f e e t  and th ree  s t ic k s  p laced  
in  each h o le . The charges should no t be p laced  too deep as th is  
tends to  cause the  dynamite to  e x e rt i t s  fo rce  downward and leaves 
an unclean  d i tc h . For a d itch  5 f e e t  deep, the charges should be 
p laced  about 3 f e e t  deep. These d is tan ces  and depths should not be 
co n sid e red  as ab so lu te  bu t should be used as a guide in  s ta r t in g  
a new p iece  of work. A l i t t l e  experim enting w ith d is ta n ces  and 
dep ths and charges w il l  then determ ine what d is tan ces should be 
used  .
Dynamite was used in  d igging  a d itc h  in  heavy buckshot 
s o i l  n ear C la rk sd a le , M iss is s ip p i, in  191^ a t  a  co s t of about 1^ 
ce n ts  per cubic yard . The d itc h  was a mile long th ru  a slough 
grown up in  cane and sm all bushes and fo r four or f iv e  inches the 
ground was a mass of ro o ts .  The s o i l  was th o ro ly  sa tu ra te d  with 
w a te r. The d itc h  averaged th ree  and a h a lf  f e e t  deep and good re ­
s u l t s  were se c u re d .in  removing the mass of ro o ts . The c o s t was no 
doubt cheaper than  i f  the work had been done by hand fo r  the c o s t 
of removing the ro o ts  would have been q u ite  an item in  the t o t a l .  
On th i s  d i tc h , one and a h a lf  s t ic k s  of 60 per cen t dynamite were 
used spaced every 12 inches. From 100 to  200 f e e t  of charges were 
p laced  and the whole lin e  s e t o ff  from one cap by concussion . Two 
men cou ld  b la s t  400 or 5^0 yards per day on th is  work.
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One of the la rg e s t  jobs upon which dynamite has been 
used fo r  excavating  a channel was in  the Homochitto swamp near 
N atchez, M is s is s ip p i. Four m iles of d itc h  were dug which averaged 
8 f e e t  on to p , 6 f e e t  on the bottom , and 5 f e e t  deep. About 
27,000 yards of buckshot and blue gumbo were removed. Two m iles 
of the work were under 2 f e e t  of water and the remainder was in  
s a tu ra te d  s o i l  among stumps and cypress knees. A 60 per cen t dyn­
am ite was used.The charges were p laced  in  ho les spaced in  one 
s t r a ig h t  l in e  30 inches a p a r t  and 2£ f e e t  deep. Three s t ic k s  or 
a  pound and a  h a lf  of dynamite was p laced  in  each h o le . Where the 
work was under w a te r, the charges were exploded by concussion , 4-0 
to  50 being s e t  o ff  a t  one tim e. On the p a r t  not under w ater, a 
b a t te r y  was used . The c o s t of co n s tru c tin g  th is  d itc h  was 11» cent! 
per y ard . In  o rder to  d e liv e r  the dynamite and b la s t in g  accesso rie s  
on the jo b , these had to  be o a r r ie d  on the shoulders of men fo r an | 
average d is tan ce  of two m iles th ru  w ater two f e e t  deep. In  a d d i t io r , 
th e  m a te r ia l had f i r s t  to  be hauled 20 m iles to  reach the n ea re s t p  
p o in t th a t  teams could approach the work. I t  would seem ,th e re fo re , 
th a t  under more fav o rab le  c o n d itio n s , the work could have been 
done cheaper.
I t  must be borne in  mind in  no tin g  the above c o s ts ,  th a t  j 
th ese  a re  fo r  work done before the European War and th a t  w ith the 
p r ic e  of dynamite th ree  times the co s t th a t  i t  form erly  was, and 
s t i l l  mounting h ig h e r , the c o s t of dynamite d itc h in g  would today 
be q u ite  d i f f e r e n t ,
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8.
MAINTENANCE
N ecessity  For Maintenance Of Drainage Channels.** I f  a  
d ra inage system is  tc  give the g re a te s t  re tu rn s  upon the c a p i ta l  
expended fo r  constru c tio n *  then  i t  is  paramount th a t the channels 
be m aintained in  a  f re e  and u nobstruc ted  co n d itio n  so th a t  the ca*- 
p a c i t ie s  fo r  d isch a rg in g  w ater w i l l  be as g rea t as those fo r  which 
the  channels are  designed . The regimen of the o rd inary  drainage 
channel is  th a t  soon a f t e r  i t  is  excavated , w illow s, cottonwoods, 
and o th e r  sp rou ts  sp rin g  up a long  the berms and waste banks and in  
the  channel i t s e l f .  Eefore the  banks of the channel have stood fo r  
a s u f f ic ie n t  time to  w eather down to  th e i r  n a tu ra l s lo p e s , the 
e a r th  s l id e s ,  caves, or i s  washed in to  the channel. To some e x te n t, 
the  growth on the berms and w aste banks helps to  p reven t washing air 
s l id in g  of m a te r ia l in to  the channe l. But the growth in  the channel 
i t s e l f  i s  extrem ely u n d esirab le  as an ad ju n c t to  an e f f i c i e n t  w a te r ­
way, Unless th is  growth is  removed from the channel s e c tio n , the 
c a p a c ity  of the channel w i l l  be g re a tly  reduced. I t  i s  th e re fo re  
a n e c e s s ity  to  m ain tain  the channels fre e  from growth and obstruc­
tio n s  so th a t  they  w il l  p ro p e rly  perform  the functions fo r  which 
they have been designed .
M ethods,- In  c a rry in g  out maintenance work, no t only 
should growth be removed but a l l  d eb ris  such as lo g s , d r i f t ,  fen ces , 
o b je c tio n a l flo o d  g a te s , and o the r o b s tru c tio n s  should be removed. 
In  removing growth, a l l  th a t i s  not too la rg e  in  diam eter should 
be p u lle d , ro o ts  and a l l .  Growth of such s iz e  th a t i t  cannot be
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r e a d i ly  p u lle d  should be cu t o f f  a t  the ro o ts  below the su rface  of 
the ground w ith a  m attock, an axe, or a machete* In e i th e r  case ,no  
s tu b  should be allow ed to  rem ain p ro je c tin g  above the ground* There 
w i l l  always be some few r o o t l e t s  l e f t  in  the ground even a f t e r  the 
sp ro u ts  are  p u lle d  bu t experience shows th a t  the succeeding season’s 
growth is  le s s  from th ese  r o o t le ts  than where a stub  is  allowed to  
p ro tru d e  above the  s u rfa c e .
The proper time to  p u l l  growth is  while the sap is  up fo r  
i f  the  sp ro u ts  a re  p u lle d  when the sap is  down, the p ieces  of ro o ts  
broken o ff below the su rface  sp rin g  up much more re a d ily  the next 
seaso n . The sap i s  up in  the South from about the f i r s t  of May u n til 
the  e a r ly  p a r t  of September, The month of August has proven to  be 
the b e s t  time fo r  removing growth.
C o s ts .-  The c o s t of c le a r in g  growth from drainage channels 
v a r ie s  g re a tly  depending on the number of growing seasons passed 
th ru , the s iz e  of the channel, and a lso  upon the lo c a tio n . In 1915* 
about 4-0 m iles of drainage d itc h e s  which had passed th ru  from two 
to  th ree  growing seasons were c le a re d  of growth and d eb ris  under 
c o n tra c t a t  p r io e s  rang ing  from §27*50 to  $57*00 per m ile . Over h a lf  
of the work was dene a t  §50 & mile* P r a c t ic a l ly  a ll of th i s  work con­
s i s te d  of d ito h es  w ith  1^ f e e t  bottom w id ths, bank slopes of 1, 
and depths averag ing  8 f e e t .  In  1916, the same drainage d i s t r i c t  
c o n tra c te d  fo r  95 m iles of channel c le a r in g  . About 72 m iles was 
done fo r  §35 a m ile , 20 m iles a t  §40, and 3 m iles a t  §^5* In 1917> 
the  d i s t r i c t  d id  i t 3 own maintenance work and d itch es  were c le a re d  
which had passed th ru  from 1 to  5 growing seasons. The p r ic e s  v a rie d
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from as low as $12 and $15 fo r  s n a i l  1^ f e e t  bottom d itch es  to  
as h igh as $175 Pe r » ilo  fo r  the la rg e r  d itc h e s  which had passed 
th ru  fo u r or f iv e  seasons growing. The c o s ts  given a re  fo r  
D rainage D is t r ic t  Number Nine, M iss iss ip p i County, A rkansas,
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9.
CONCLUSION
The Main Steps in  Land R eclam ation .- In  concluding th is  
th e s i s ,  the au thor d e s ire s  to  p o in t cu t th a t  the fundam ental purpose 
u n d erly in g  the e n t i r e  th e s is  has been to  s e t  fo r th  the seven main 
s tep s  a tte n d a n t to  the in cep tio n  and development of p ro je c ts  fo r  
the rec lam ation  of overflowed lan d s. To the d iscu ss io n  of these sev­
en s te p s ,  the fo rego ing  pages have been devoted , F i r s t ,  i t  was s e t  
fo r th  th a t  before  a rec lam ation  p ro je c t  can p rogress beyond an i n i t ­
i a l  s ta g e , the economic b e n e f i ts  to  be d eriv sd  from the ca rry in g  
out of the work must be d e f in i te ly  and c le a r ly  e s ta b lis h e d . The 
im portance of s t r i c t  a t te n t io n  to  and c a re fu l guidance of the le g a l 
a f f a i r s  of a drainage o rg an iza tio n  was next po in ted  o u t. The neces­
s i t y  fo r  competent eng ineering  in  o rder to  assu re  an e f f i c i e n t  and 
economical d rainage system was shown.
Following t h i s ,  was the methods fo r  making assessm ents on 
the b a s is  of b e n e f i ts  to  be rece iv ed . Then the financ ing  of a drain-' 
age scheme by is su in g  bonds was exp la ined .
The g re a te r  p a r t  of the th e s is  was occupied w ith the d is ­
cu ss io n  of excavating  machinery. As explained  in  the in tro d u c tio n , 
the reason  fo r  th i s  i s  not because of any r e la t iv e ly  g re a te r  impor­
tan ce , bu t because th a t  p o rtio n  of the main su b jec t was f i r s t  taken 
up and o ffe red  so wide a  f i e ld  th a t  by the time the s e c tio n  on exca­
v a tin g  machinery was w ritte n , the re  was no t an equal p o rtio n  of 
e i th e r  space or time rem aining fo r  t r e a t in g  the o ther d iv is io n s  of 
the s u b je c t .  However, a t  the r i s k  of c r i t ic i s m  due to  th is  unbalance 
c o n d itip n , the au thor decided to  include a l l  of the p o rtio n s  in to
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which the main su b je c t had o r ig in a l ly  been d iv ided  in  order to  ac­
com plish as f a r  as  p o ss ib le  the c h ie f  purpose of the th e s is  to  s e t  
fo r th  and d iscu ss  the seven s tep s  in to  which the h is to ry  of a r e ­
c lam ation  p ro je c t f a l l s .
In  d iscu ss in g  excavating  equipment, s ix  c la s s i f i c a t io n s  
as to  g en era l type of machine were adopted. These s ix  were then 
su b -d iv ided  to  d i f f e r e n t ia t e  between excavators of the same genera l 
c h a r a c te r i s t ic s  bu t d i f f e r in g  in  d e t a i l s .
L as tly , the n e c e s s ity  fo r  adequate maintenance of a 
drainage system was shown to  be a m atter of v i t a l  im portance.
In to  some one of the seven s tep s  of p rogress th a t  have 
been r e la te d ,  p r a c t ic a l ly  every  happening in  the l i f e  of a drainage 
rec lam atio n  development may be p laced .
